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2  RECEPTION   OF  THE  INSTITUTE. 

acquired  an  international  character,  and  it  now  included  the 
leading  men  of  science  and  practice  of  all  countries.  The 
Exhibition  afforded  a  striking  proof  of  the  remarkable  progress 
of  the  iron  and  steel  industry  in  the  last  twenty-two  years, 
and  the  development  of  this  great  industry  might  be  regarded 
as  an  indication  of  the  economic  culture  of  the  country.  The 
importance  of  the  work  can-ied  on  by  the  Iron  and  Steel  Insti- 
tute was  realised  by  his  Government,  and  he  therefore  expressed 
the  hope  that  their  discussions  at  Diisseldorf  might  result  in 
mutual  benefit.  He  cordially  desired  that  their  visit  to  Diissel- 
dorf might  be  an  agreeable  one,  and  that  they  would  long  retain 
in  pleasant  remembrance  the  days  spent  in  that  city.  In  the 
name  of  his  Government  he  therefore  once  more  bid  them  a 
hearty  welcome. 

Mr.  LuDWiG  Feistel,  the  Deputy  Mayor  of  Diisseldorf,  next 
spoke  in  the  name  of  the  city  of  Diisseldorf.  He  expressed  his 
satisfaction  that  they  again  had  the  honour  of  welcoming  the 
Iron  and  Steel  Institute.  To  him  this  was  especially  gratifying, 
as  it  had  also  been  his  privilege  in  the  year  1880  to  bid  the 
members  of  the  Institute  welcome.  At  that  date  Diisseldorf 
had  only  90,000  inhabitants,  against  230,000  now.  Then  the 
iron  and  steel  industry  had  just  recovered  from  the  depression 
of  1874  and  the  following  years ;  now  it  was  vigorous  and  many- 
sided.  In  1880  Diisseldorf,  in  spite  of  its  proximity  to  the 
Ehine,  lacked  an  easy  and  economical  communication  with 
the  river,  but  this  was  now  provided  for  by  the  completion 
of  the  harbour  and  docks.  He  trusted  tliat  the  members  of 
the  Iron  and  Steel  Institute  would  feel  themselves  at  home 
in  Diisseldorf  on  meeting  with  their  fellow-workers,  eminent 
leaders  of  industry  and  men  of  brilliant  reputation  to  whose 
efforts  they  owed  the  extensive  and  admirable  Exhibition  of 
the  present  year,  and  that  mutual  benefit  might  be  derived 
from  an  exchange  of  ideas.  Indeed  the  visits  to  foreign  countries 
of  technical  societies  consisting  of  the  proprietors  and  managers 
of  the  largest  works,  of  men  of  wide  knowledge  and  experience 
and  of  far-seeing  mind,  might  exercise  an  influence  reaching  far 
beyond  that  due  to  technical  intercourse.  Such  visits  afforded  an 
opportunity  for  discussing  freely  and  in  a  friendly  manner  subjects 
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4  RECEPTION  OF  THE  INSTITUTE. 

listen  to  the  representative  of  the  German  Government,  who  had 
given  them  so  cordial  a  welcome  to  Diisseldorf.  The  Institute 
had  been  there  in  1880,  when  they  had  a  large  gathering  of  mem- 
bers, and  now  it  was  his  proud  privilege  to  lead  their  present 
members  to  Diisseldorf  again.  They  had  come  to  Diisseldorf  to 
learn ;  they  had  come  feeling  sure  that  they  would  see  a  great 
deal  that  would  interest  and  instruct  them,  and  would  inform 
them  wonderfully  also.  What  they  had  seen  already  had  satisfied 
them  of  the  splendid  developments  of  German  industry  since 
they  last  met  in  that  exceedingly  prosperous  country.  It  was 
many  years  since  he  first  came  to  Germany  in  connection  with 
the  fire-brick  stoves  of  his  brother,  Thomas  Whitwell,  who  was 
known  to  very  many  of  them,  and  who  was  highly  esteemed 
by  those  who  knew  him ;  and  he  was  glad  to  say  that  he  had 
always  been  received  as  a  friend.  He  never  visited  their  works 
without  experiencing  a  kindly  reception  and  a  welcome  every- 
where. As  an  Institute,  they  were  aware  that  they  had  visited 
many  countries.  They  had  striven  as  far  as  possible  to  instruct 
and  enlighten  their  members,  and  he  felt  that  day  if  they 
went  back  to  England,  to  France,  Austria,  Sweden,  Belgium, 
Styria,  or  America  without  receiving  enlightenment  the  fault 
would  be  their  own,  for  so  far  as  he  could  see  everything  was 
being  thrown  open  to  them  by  the  heads  of  the  diflferent  works. 
He  could  heartily  assure  their  younger  members  of  the  extreme 
gratification  he  felt,  as  their  President  that  day,  because  he  knew 
that  they  would  go  home  to  England  with  their  minds  brightened, 
enlightened  and  enlivened  by  what  they  saw  in  and  around 
Diisseldorf.  They  were  not  among  an  effete  people ;  they  were 
not  among  a  people  they  could  show  anything  to.  Tlie  German 
people  were  keenly  alive  to  the  necessity  of  educating  their 
youth,  and  of  giving  them  a  practical  knowledge  when  they 
had  grown  to  manhood.  England  had  the  greatest  possible 
sympathy  with  Germany,  and  tlie  greatest  possible  appreciation 
of  their  ability  to  compete  with  England  in  business.  But  it 
was  an  honourable  competition.  It  would  be  their  own  fault 
if  they  did  not  take  advantage  of  what  they  saw,  and  perhaps  to 
teach  their  own  boys  tlie  lessons  learnt  on  the  present  occasion. 
There  was  a  wonderful  Exhibition  now  open,  one  at  any  rate 
that  had  opened  his  eyes  to  the  perfection  of  steel  workmanship. 
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Jacks,  Thomas  William 
M.,M.I.M.K.,A8soc, 
M.I.C.E. 

Jefferson,  Joseph, 
A.R.S.M. 

Last,  Frank  Bernard  . 

Lee,  Cecil  Robert  .     . 

Lindley,  Herbert    .     . 


Macnab,  Thomas  Pol- 
lock 
Meier,  Max  .     .     .     . 


Erdely,  Middlesbrough 

Elton  House,  Darling- 
ton 

29  Great  George  Street, 
London,  S.W. 

27  Guard  Street,  Wor- 
kington, Cumberland 

63  Tennyson  Avenue, 
Bridlington,  Yorks 

Victoria  Avenue,  Nor- 
ton Road,  Stockton- 
on-Tees 

Orwell  Works,  Ipswich 

Clyde  Works,  Cradley 
heath.  Staffs. 

8  Royal  Arsenal,  Wool- 
wich 

122 Cannon  Street,  Lon- 
don, E.C. 

Ecke  Konigsringe, 
Luxemburg 

6  Kyle  Park,  Udding- 
ston,  Scotland 

"  A  dlington,"  181 
Cathedral  Road,  Car- 
diff 

Tawton  Rectory,  North 
Tawtun,  Devon 

188  Wolverhampton 
Street,  Dudley 

Maxstrasse    8,    Euscn, 

Germany 
Maxstnisse    8,    Essen, 

Germany 
Hillside,  Wednesbury . 


Empreza  Industrial 

Portugueza,      Santo 

Amaro,  Lisbon 
Laiidore,R.S.O.,  Sonth 

Wales 
Arthur    Lee    Sc    Sons, 

Ltd.,  Shellield  | 

Pear     Tree      Cotta;xe,  > 

Altrinchain,  Cheshire  | 

Lyme  View,  Romilcy, 
near  Stockport  I 

Differdinj^'en,  Luxem- 
bur«r 


Proposers. 

David  Evans.  J.  E.    Stead, 

Arthur  Cooper. 
W.  Thackray,  (ieorge  Ains- 

worth,  John  W.  Spencer. 
George  Cawley,  James  Riley, 

Henry  Peech. 
James  Duffield,  R.  E.  Higton, 

John  Paterson. 
Arthur     Horsfield,     Leason 

Gray,  T.  B.  Loxley. 
John  T.  Gaunt,  James  Bott, 

Richard  Gaunt. 

H.  S.  Jefferies,  William  Whit- 
well,  Sir  Theodore  Fry. 

James  Donechay,  Alfred 
Colley,  W.  Moore. 

R.  A.  Hadfield,  I.  B.  Milne, 
P.  B.  Brown. 

H.  Le  Neve  Foster,  Fred 
Mills,  James  J.  Wallis. 

James  Roberts,  Harry  Sil- 
vester, John  W.  Hall. 

John  R  Cross,  William  Clark, 
J.  Jackson. 

William  Evans,  Enoch  James, 
Gething  Lewis. 

Lt.-Col.  Reginald  H.  Mahon. 
William  Wiiitwell,  Sir 
W,  C.  Roberts- Austen. 

G.  H.  Claughton,  Sir  Ben- 
jamin Ihngley,  George 
Macpherson. 

Hugh  Bell,  W.  H.  Panton, 
C.  Lowthian  Br  11. 

Hugh  Bell,  C.  Lowthian  Bell, 
W.  H.  Panton. 

Harry  B.  Toy,  W.  Moore, 
Waiter  Macfarlane. 

J.  O.  Arnold,  II.  Marsden, 
A.  McWilliam. 

John  R.  Wright,  E.  Windsor 
Richards,  John  Paton. 

Arthur  Lee,  Albert  Senior, 
Arthur  S.  Lee. 

Arthur  Cooper,  Sir  Richard 
MottraiM,  Arthur  W.  Gal- 
loway. 

Joseph  Adamson,  Henry 
A\ebb,  Mylos  Cooper. 

David  Evans,  J.  E.  Stt-ad, 
James  Campbell. 
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Wing.  William  .    .    . 
Woof,  George  Edward 


Wright,      William 

Charles 
Ybarra,  Fernando  M. 

de 


ADDRB88. 


Ashdell,     Broomhill, 

Sheffield 
The  Orconera  Iron  Ore 

Company,     Limited, 

Apartado  42,  Bilbao 
7  St.  James*  Gardens, 

Swansea 
Compaftia  de  los  "Altos 

Hornos  de  Vizcaya," 

Bilbao 


Pkoposbhb. 


Arthur  Lee,  Joseph  Young, 

AU>ert  Senior. 
Sir  David  Dale,  Edward   P. 

Martin,  August  Reich wald. 

Isaac      Butler,      John      R. 

Wriglit,  Fred  Mills. 
Edward  P.  Martin,  Sir  David 

Dale,  August  Keichwald. 


The  President-Elect. 

The  President  said  it  had  been  necessary  to  consider  who 
was  to  be  their  new  President — who  was  to  succeed  himself 
in  May  1903.  It  would  be  a  very  great  pleasure  to  those 
present  to  hear  him  announce  that  the  Council  had  selected  their 
Vice-President,  Mr.  Andrew  Carnegie,  the  former  American  iron- 
master, but  now  a  resident  of  Skibo  Castle  in  Scotland,  to  take 
the  presidency  of  the  Iron  and  Steel  Institute  for  the  next  two 
years.  He  need  hardly  remind  English  members  how  much 
they  owed  to  Mr.  Andrew  Carnegie  in  encouraging  their  youth  to 
obtain  exact  knowledge  by  giving  them,  first  a  gift  of  £6500, 
and  when  that  was  not  enough  a  second  gift  of  £6500,  to  help 
them  to  investigate  matters  of  interest  to  the  iron  and  steel 
industry.  Andrew  Carnegie,  as  they  knew,  was  a  name  which 
in  America  was  highly  honoured,  and  in  England  and  Scotland 
and  many  other  iron-  and  steel-makiug  countries  also ;  and  he 
was  doing  at  the  present  time  a  very  great  deal  educationally 
for  them.  He  had  given  immense  sums  of  money  for  the  founda- 
tion of  libraries  and  institutes,  for  the  teaching  and  training  of 
the  youth  of  many  districts. 


Eetiring  Members  of  Council. 

The  Secretary  announced  that,  in  accordance  with  Rule  10, 
the  following  Vice-Presidents  would  retire  in  May  next :  Mr. 
Percy  C.  Gilchrist,  Mr.  S.  R.  Piatt,  and  Mr.  J.  D.  Ellis.  The 
following  five  Members  of  the  Council  would  also  retire :   Mr.  J. 
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THE  PROGRESS  AND  MANUFACTURE  OF  PIG 
IRON  IN  GERMANY  SINCE  1880. 

By  W.  BRUGMANN  (Dortmund). 

A. — Tlie  Economic  Aspect  of  tJie  Pig  Iron  Iiidiistry  of  Germany. 

A  COMPARISON  of  the  entire  world's  production  of  pij,'  iron 
(18,300,000  tons)  in  1880  with  that  given  for  1901  (over 
39,000,000  tons)  shows  that  in  this  period  the  production  of 
pig  iron  has  been  more  than  doubled.  Almost  the  whole  of 
this  increase  may  be  apportioned  between  the  two  countries, 
Germany  and  the  United  States.  In  1880,  the  United  States 
ranked  second  among  the  iron-producing  countries  with  a  pro- 
duction of  3,895,000  tons,  equal  to  half  the  production  of  Great 
Britain  at  that  time,  and  Germany  occupied  the  third  place  with 
2,729,000  tons,  or  about  one- third  of  the  English  output.  In 
the  year  1900  there  were  produced  in  America  14  million 
tons;  in  England  8*962  million  tons;  and  in  Germany  8*351 
million  tons.  The  production  of  the  United  States  is  therefore 
more  than  three  and  a  half  times,  and  that  of  Germany  more 
than  three  times,  greater  at  the  present  time  than  in  1880,  while 
that  of  England  shows  but  a  moderate  increase. 

It  is  unnecessary  at  a  meeting  of  the  Iron  and  Steel  Institute, 
the  members  of  which  have  taken  so  prominent  a  part  in 
finding  new  outlets  for  the  use  of  iron  and  steel,  to  examine 
into  the  causes  which  have  led  to  this  rapid  rise  in  the  world's 
production  of  pig  iron.  Equally  inappropriate  would  it  appear 
to  discuss  fully  the  sudden  development  of  the  American  iron 
industry.  It  may  be  permitted,  however,  to  touch  briefly  upon 
the  conditions  which  led  to  the  vast  increase  in  the  manufacture 
of  pig  iron  in  Germany. 

Two  chief  factors  among  many  others  contributed  to  bring 
about  this  result.  In  the  first  place,  an  extraordinary  develop- 
ment in  coal-mining  took  place  which  rendered  available  a 
good  supply  of  native  fuel  for  German  blast-furnaces ;  secondly, 
the  opening  up  of  the    iron    ore   deposits   of    Luxemburg    and 
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Lorraine    was    necessitated   by    the  introduction    of    the    basic 
process. 

Since  1880  the  total  coal  production  of  Germany,  which  at  that 
time  amounted  to  about  47  million  tons,  has  more  than  doubled. 
In  round  figures  100  million  tons  was  raised  in  1900.  The 
j^reater  part  of  this  increase  was  obtained  in  the  Ruhr  district, 
the  output  rising  from  22  million  tons  in  1880  to  60  million 
tons  in  1900.  The  coal-mining  industry  has  therefore  developed 
in  about  the  same  proportion  as  the  iron-making  industry.  In 
fact  this  district  could  supply  the  whole  of  the  German  blast- 
furnaces with  coke,  since  the  amount  of  coke  produced  here 
alone  in  1900  was  9,644,000  tons,  while  that  of  the  whole  of 
Gennany  in  the  same  year  was  12,859,000  tons.  The  coke 
produced  in  other  parts  besides  the  Ruhr  district  amounted  to — 

Million  Tons. 

lu  Upper  Silesia 1-411 

In  Lower  Silesia 0*536 

In  the  Saar  district 0  894 

In  the  Aachen  district 0*267 

lu  the  Oberkirchen  district 0*033 

In  the  Kingdom  of  Saxony 0*074 

The  discovery  of  the  method  for  tlie  dephosphorisation  of  iron 
in  the  converter  exercised  the  most  important  influence  on  the 
rise  of  the  German  iron  industry.  At  the  meeting  of  the  Insti- 
tute at  Diisseldorf  in  1880  Mr.  Masseiiez  stated  that — 

"  For  a  long  time  it  appeared  as  if  the  dephosphorising  of  pig 
iron  in  the  manufacture  of  steel  and  homogeneous  iron  could 
only  be  accomplished  in  the  open-hearth,  and  was  in  the  con- 
verter impossible,  until  the  achievements  of  Snelus,  Ilichanis, 
and  Thomas  and  Gilchrist  were  made  known,  which  proved 
at  once  the  possibility  of  dephosphorising  by  means  of  the  basic 
process  in  the  Bessemer  converter. 

"The  German  ironmasters,  owning  vast  quantities  of  cheap 
phosphoric  ores,  but  having  little  hieniatite  at  tlieir  command, 
had  good  reason  to  be  thankful  to  those  who,  either  through 
their  good  counsel  or  actual  active  service,  have  conduced  to 
this  result." 

Notwithstanding  that  these  words  emphasise  the  extreme 
importance  for  the  German  iron  industry  attributed  to  the 
introduction  of  the  basic  process  so  soon  after  its  discovery,  yet 
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it  could  hardly  have  been  anticipated  at  that  time  that  Germany 
would  in  twenty  years'  time  be  producing  over  4,800,000  tons  of 
basic  pig  iron,  or  about  2  million  tons  more  than  the  total  iron 
production  of  1880. 

Simultaneously  with  the  basic  pig  iron  the  manufacture  of 
foundry  pig  in  Germany  has  also  greatly  increased — that  is  to 
say,  from  200,000  tons  in  1880  to  U  million  tons  in  1900.  In 
the  meantime  Germany  has  become  able  to  supply  her  own 
requirements  as  regards  foundry  pig. 

The  manufacture  of  puddling  iron  and  spiegel  has  declined 
from  about  2  million  tons  to  1*6  million  tons.  Unfortunately 
the  statistics  do  not  give  separate  details  of  these  two  varieties 
of  iron,  otherwise  a  considerable  variation  in  the  amount  of  each 
would  be  noticeable.  The  production  of  wrought  iron  sank  from 
2  million  tons  in  1880  to  1*2  million  tons  in  1895.  Since  then 
it  rose  to  1*8  million  tons.  The  production  of  Bessemer  pig  has 
experienced  comparatively  unimportant  fluctuations,  amounting 
to  about  half  a  million  tons. 

Notwithstanding  the  unprecedented  development  of  the  German 
iron  industry,  the  blast-furnace  works  of  the  country  have  not 
been  able  to  meet  the  demand.  In  the  last  ten  years,  1891  to 
1900,  the  excess  imports  have  amounted  to  1*8  million  tons  of 
pig  and  scrap  iron.  It  must,  however,  be  borne  in  mind  here 
that  the  favourable  condition  of  the  iron  industry  during  the  last 
few  years  has  had  much  to  do  with  this,  since  of  that  quantity 
more  than  1  million  tons  was  imported  during  the  two  years 
1899  and  1900.  It  is  probable,  however,  that  in  the  succeeding 
years  a  change  will  occur,  since  in  1901  the  exports  exceeded 
the  imports  by  100,000  tons,  and  in  the  first  half  of  1902  by 
330,000  tons. 

Before  passing  to  the  discussion  of  the  distribution  according 
to  locality  of  the  iron-making  industry,  the  question  of  the  ore 
supply  of  Germany  may  be  briefly  reviewed.  In  discussing  this 
subject,  l)r.  H.  Wedding  states :  "  On  calculating  how  far  the 
needs  of  the  individual  countries  can  be  met  by  their  own  ore 
supply,  it  will  be  seen  that  only  tlie  United  States  and  Germany 
have  a  sufficient  supply  of  iron  ore  to  enable  them  to  manufac- 
ture their  pig  iron  without  the  necessity  of  procuring  supplies 
from  abroad.     In  reality,  however,  the  United  States  alone  are 
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attained  after  a  long  period  of  years,  and  even  during  the  last 
twenty  years  it  has  successfully  held  its  own,  in  spite  of  the 
heavy  losses  incurred  by  the  works  in  consequence  of  the  falling 
oflf  in  the  production  of  wrought  iron  and  the  resulting  de- 
preciation of  the  existing  installations. 

In  his  publication  on  the  iron  industry  of  the  Dortmund  district, 
Mr.  Tlibben,  Bergassessor,  niakes  the  following  statement : — 

"  The  far-reaching  influence  of  the  basic  steel  production  in 
the  course  of  the  last  twenty  years  upon  the  methods  of  pro- 
ducing pig  iron  is  best  shown  by  the  fact  that  in  1880  the 
production  of  puddling  iron,  amounting  to  352,811  tons,  formed 
43  per  cent,  of  the  total  pig  iron  produced  in  the  district 
During  last  year  (1900)  not  more  than  56,164  tons  were 
manufactured,  representing  only  2  per  cent,  of  the  total  output 
of  pig  iron.  In  the  same  period  the  production  of  basic  pig 
rose  from  396,226  tons,  or  48  per  cent.,  to  2,306,056  tons,  or 
80*5  per  cent.,  of  the  total  production  of  iron.  It  must  also  be 
borne  in  mind  that  about  85  per  cent,  of  the  steel  produced  is 
made  by  the  basic  process." 

The  blast-furnaces  of  the  Rhinelaud  and  Westphalia,  with  the 
exception  of  those  at  Eschweiler,  use  exclusively  coke  manu- 
factured from  the  coal  of  the  Ruhr  basin.  Notwithstanding  that 
the  coke  is  made  from  coal  with  a  greatly  varying  coking  capacity 
and  purity,  it  may  be  characterised  as  a  good  blast-furnace 
coke.  The  ash  content  is  about  9  per  cent,  and  the  moisture 
amounts  to  from  7  to  12  per  cent.  As  regards  its  capacity  to 
resist  pressure,  it  may  be  mentioned  that  the  experience  during 
the  last  twenty  years  shows  that  furnaces  30  metres  (about  100 
feet)  high  can  be  worked  with  Ruhr  coke  without  the  least 
difficulty. 

Most  of  the  blast-works  in  the  Ruhr  district  have  their  own 
coking  plants,  but  these  now  no  longer  furnish  the  whole  supply 
required  for  the  works,  because  the  collieries  have  fixed  the  price 
of  coking  coal  at  such  a  figure  that  the  ironworks  scarcely  gain 
any  advantage  from  making  their  own  coke.  The  large  iron- 
making  firms  of  the  coal  district  have,  however,  placed  them- 
selves in  a  position  independent  of  the  market  by  the  purchase 
of  collieries.  In  many  cases  these  are  in  the  immediate  neigh- 
bourhood of  the  blast-works,  or  failing  this  the  companies  have 
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From  the  Lahn  and  Dill  district  two  kinds  of  ore  are  supplied 
to  the  Ruhr  region — red  hsematite  with  48  to  52  per  cent,  of 
iron  and  fully  20  per  cent,  of  residues,  and  manganese  ores  con- 
taining 22  to  38  per  cent,  of  iron,  7  to  8  per  cent,  of  manganese, 
and  18  to  25  per  cent  of  residues.  These  ores  are  conveyed  a 
distance  of  about  132  miles,  the  freight  being  about  4s  per  ton. 
The  price  delivered  for  the  red  haematite  is  15s.  7d.,  while  that 
for  manganese  ores  amounts  to  14s.  6d.  There  is  a  considerable 
percentage  of  phosphorus  in  these  ores,  and  the  extraction  of 
metal  is  low  on  account  of  the  high  proportion  of  residues.  The 
hsematite  can  by  careful  dressing  be  made  fairly  uniform  in 
quality,  but  the  metal  content  of  the  manganese  ores  fluctuates 
generally  within  somewhat  wide  limits.  About  100,000  tons 
of  pyrites  residues  are  consumed,  the  price  at  the  furnace  being 
about  158.,  and  approximately  550,000  tons  of  native  tap  cinder 
are  used,  the  latter  being  worth  14s.  6d.  at  the  furnace. 

At  the  iron  mines  of  the  Hiiggel,  of  the  Porta  and  of  Bredelar, 
400,000  tons  are  mined  annually  altogether.  The  use  of  these, 
as  also  of  the  ores  imported  from  beyond  sea,  will  be  pointed 
out  in  discussing  the  production  of  the  various  kinds  of  iron. 

A  few  general  remarks  may  be  of  ifiterest  as  to  the  routes  by 
which  the  imported  ores  are  brought  in.  For  the  Rliineland 
and  Westphalia  the  Dutch  ports  at  the  mouth  of  the  Ehine, 
Rotterdam  and  Amsterdam,  are  the  most  convenient.  Nearly 
the  whole  import  trade  is  conducted  through  these  and  recently 
through  Emden.  With  a  few  exceptions  which  will  be  men- 
tioned later,  almost  the  whole  of  the  ores  imported  from  beyond 
sea  are  utilised  in  Rhenish  Westphalia.  The  usual  practice  of 
the  Rotterdam  wharfingers  is  to  negotiate  the  sale  of  ores  from 
definite  localities  according  to  analysis,  at  prices  which  include 
delivery  at  the  blast-furnace  works.  The  ores  are  conveyed  by 
water  to  the  works  situated  on  the  Rhine,  while  to  those  in  the 
coal  district  they  are  either  brought  to  Ruhrort  by  water  and 
thence  by  rail  or  by  rail  the  whole  way  from  Rotterdam.  The 
latter  route  is  only  possible  on  account  of  the  low  rates  granted 
by  the  Dutch  railways  to  this  kind  of  traffic.  On  account  of 
the  great  volume  of  the  consignments  the  ports  of  Rotterdam 
and  Amsterdam  obtain  very  favourable  ocean  freights,  and 
shippers  endeavour  in  every  way  to  render  the  cost  of  transit 
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Rhenish 


Paddling  spiegel         .... 

Bessemer  pig 

Basic  pig 

Foundry  pig 43-2  21*5  | 


Germniiy. 

WestphaliH. 
Per  Cent. 

Per  Cent. 

22-6 

10  0 

74^ 

11-5 

38-4 

57-0 

43-2 

21-5 

Within  this  grouping  the  basic  pig  ranks  tirst  in  importance, 
amounting  to  57  per  cent,  of  the  whole  production. 

Nearly  all  blast-works  manufacture  this  variety,  with  the 
exception  of  the  Krupp  works  and  those  on  the  middle  Rhine. 
Steelworks  are  combined  with  the  blast-works  in  most  cases, 
and  the  pig  iron  is  charged  in  the  liquid  state  into  the  converters. 

According  to  Bergasscssor  Ttibben  basic  pig  is  worked  by  the 
direct  process  at  the  following  works  : — 

The  Bochumer  Verein,  with  3  converters  of  5  tons  capacity. 

Deutscher  Kaiser  Company,  with  4  converter3  of  18  tons 
capacity. 

Hoesch  Steelworks,  with  3  converters  of  12  tons  capacity. 

Gutehoffnungshlitte,  with  4  converters  of  15  tons  capacity. 

Hoerde  Works,  with  4  converters  of  18  tons  capacity. 

Phoenix  Works,  with  3  converters  of  12-5  tons  capacity. 

Rheinische  Stahlwerke,  with  4  converters  of  8  tons  capacity. 

Union  Company,  with  4  converters  of  18  tons  capacity. 

Basic  pig  is  also  manufactured  at  Schalke,  the  Nieder- 
rheinische  Hiitte,  Hochdahl,  Friedrich  Wilhelrahiitte,  and  Apler- 
beck. 

For  commercial  purposes  this  iron  is  manufactured  with  the 
following  composition  : — 


Silicon, 
•er  Cent. 

Phosphoras. 
Per  Cent. 

Manganese. 
Per  Cent. 

max.  1 

min.  1-8 

min.  2 

At  the  works  in  the  coal  district  the  charges  are  made  up  as 
follows:  35  to  40  per  cent,  of  minette  ore;  35  to  40  per  cent, 
of  Swedisli  ore  (Griingesberg,  Gellivare);  10  per  cent,  of  spathic 
ore  or  Nassau  brown  ore;  10  to  20  per  cent,  of  various  material, 
such  as  native  and  foreign  tap  cinder,  Bessemer  and  open-hearth 
cinder,  blackband,  bog  iron  ore,  ores  from  the  Porta,  &c. 

The  works  on  the  Rhine  use  as  high  a  proportion  as  possible 
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finn's  foreign  mines  from  which  the  Bessemer  pig  is  manu- 
factured. The  works  authoriiies  smelt  this  iron  at  the  blast- 
works  at  Sheinhausen  and  Hochfeld  and  work  it  up  in  fifteen 
converters,  of  5  tons  capacity  each,  at  Essen.  Tiie  construction 
of  new  steelworks  at  Rheinhausen  has  long  been  under  con- 
sideration, but  has  not  yet  been  carried  out.  Besides  Krupp, 
the  Bochumer  Yerein  has  also  retained  the  acid  process.  This 
firm  manufactures  the  raw  material  to  supply  three  converters 
of  7'5  tons  capacity  each. 

Puddling  Iron  and  Open-Hearth  Pig. — In  Rheuish  Westphalia 
about  300,000  tons  were  manufactured,  representing  10  per 
cent,  of  the  amount  produced  in  the  country,  which  formed  22*6 
per  cent,  of  total  production  of  iron.  In  1882,  900,000  tons  were 
blown,  of  which  800,000  tons  were  puddling  iron.  In  1900  scarcely 
a  fifth  of  the  production  was  used  for  puddling,  while  four-fifths 
consisted  of  open-hearth  pig.  Up  to  the  year  1896  the  quantity 
of  wrought  iron  produced  remained  about  the  same,  on  account 
of  the  prejudice  against  mild  steel  as  regards  untrustworthiness, 
inferior  welding  qualities,  and  extreme  sensibility  to  the  mode 
of  treatment.  Moreover,  the  mechanical  appliances  of  the 
rolling  mills  were  not  everywhere  capable  of  dealing  eflfectively 
with  the  slabs  or  blooms.  The  rising  price  of  coal  and  the 
increasing  demands  of  the  workmen  soon  limited  the  production, 
though  the  improvement  in  quality  of  the  steel  and  the  necessity 
of  extensive  new  works  were  also  certainly  not  without  influence. 
The  introduction  of  the  brick  hot-blast  stoves  increased  the 
difficulties  in  the  manufacture  of  the  puddling  iron,  because  the 
irons  low  in  carbon  and  silicon  formerly  so  much  in  demand 
were  not  so  trustworthy  as  regards  composition. 

The  composition  of  pig  iron  for  the  manufacture  of  wrought 
iron  is  about  the  following : — 

Per  Cent. 

(Jarbon 2  to  3 

PhoMphoruh 0*2  to  0-3 

C'opl'tT 0-2  to  0-3 

Silicon 0  3  to  0  8 

MunganeKe 2  to  6 

Sulphur 001  to  0  04 

It  is  i»lown  from  the  most  varied  kinds  of  ore,  hut  the  Siegerland 
flfmthic  ore,  the  Nassau  hienialite  and  tap  cinder  are  almost 
always  used. 
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The  Niederrheinische  Htitte  also  manufactures  silicon-spiegeleisen 
with : — 

Per  Cent. 

Silicon 10  to  14 

Manganese 20  to  24 

Carbon 11  to  1*3 

Phosphorus 012  to  014 

Sulphur 0-018  to  0-025 

Only  in  the  ease  of  the  spiegeleiseu  are  the  native  manganese 
ores  added  in  manufacture ;  for  blowing  the  iron  with  a  high 
manganese  content,  ores  i'rom  nearly  all  parts  of  the  world  are 
used. 

The  firm  of  William  Miiller  &  Company  in  Rotterdam  has 
furnished  the  following  tabular  statement  relative  to  the  import 
of  manganese  ores  : — 

Tons. 

Russia,  Poti 125,467 

„       Batoum         ...  3,070 

128,537 

India,  Bombay 9,980 

Brazil,  Rio  de  Janeiro 2,954 

Turkey,  Derinage |  J»^^^ 

„        DedeAgatch 400 

16,774 

Total  .        .     145,311 


Group  II. — The  Siegerlandj  Lahn  District,  and  the 
Ironworks  of  Hesse-Nassau. 

The  kind  of  iron  produced  in  this  group  depends  entirely  on 
the  nature  of  the  ores  occurring  iii  the  locality.  Foreign  ores 
are  smelted  only  in  very  small  quaiitities.  The  iron  manu- 
factured in  1901  represents  8*1  per  cent,  of  the  total  production 
of  Germany,  aud  amounts  to  634,712  tons.  The  proportion 
which  the  various  kinds  bear  to  the  whole  production  of  the 
country  is  as  follows  : — 

Percentage  of  Production 
the  Total  of 

Production  Grouj)  II. 

of  Germany.  Per  Cent. 

Forge  apiegeleisen 32'9  0*3 

BesMemer  pig 5  1  37 

Basic  pig 03  21 

Foundry  pig 10  23 '8 
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Industrial  District  of  the  Siegerland  Dimsion  jof  SiegeUy  Olpe,  ami 
Altenkirclien.     Production  in  1000  tons. 


Mild  steel  plntes  . 
Mild  steel  bloomn,  slabs 

and  forgingg 
Wroiight-irou  plates     . 
Wrought-iron  blooms  . 


1896. 


85-5 


2-67 


1896. 

1897. 

1038 

103-7 

i'96 

43  07 
1-58 
23  1 

1898. 


118 


I 

521      I 

1-48    I 

3516    I 


1899. 


135 

66-91 

1-31 

29-31 


1900. 


1251 

102-28 

1-58 

29*20 


From  the  above  it  would  appear  as  if  the  manufacture  of  puddling 
pig  could  not  be  continued.  But,  as  a  matter  of  fact,  over  200,000 
tons,  representing  35  per  cent,  of  the  production  of  the  district, 
are  still  manufactured.  The  greater  part  of  this  is  worked  up 
in  the  district  itself  into  merchant  iron,  wire,  &c.,  and  the 
remainder  goes  to  the  works  on  the  Leune  and  in  Westphalia. 

Steel-making  pig  iron  forms  22  per  cent,  of  the  production  of 
the  Siegerland.  It  is  only  a  few  years  since  steelworks  for 
the  production  of  mild  steel  were  erected  in  the  district.  The 
first  was  at  Geisweid,  then  followed  those  at  Bremer,  and  the 
Charlottenhiitte  and  the  Karl  Stein  works  at  Wehbach  near 
Kirchen.  Here,  too,  the  proportion  of  pig  iron  in  the  charge 
does  not  exceed  25  per  cent. 

Roll  casting  forms  a  speciality  of  the  Siegerland.  The  collec- 
tive exhibition  of  Siegen  at  Diisseldorf  affords  brilliant  testimony 
of  the  extent  and  high  standing  of  this  industry.  The  chilled 
iron  rolls  deserve  particular  mention.  Besides  the  foundry  pig 
of  Siegen,  manganese  pig  iron  is  used  in  their  manufacture. 
Tiie  foundry  pig  represents  about  13  per  cent,  of  the  iron  pro- 
duction of  the  Siegerland.  The  native  spathic  ores  and  Kassau 
ores  are  used  as  well  as  the  rich  non-phosphoric  Swedish  and 
Spanish  ores. 

From  the  same  material  and  also  from  the  Siegen  brown  ores 
Bessemer  pig  is  blown.  The  quantity  of  this  latter  represents 
5  per  cent,  of  the  total  iron  production  of  the  district. 

The  Siegen  blast-works  comprise  not  only  well-arranged  large 
works,  but  also  works  with  very  primitive  appliances  and  small 
outputs,  amounting  in  many  cases  to  from  40  to  60  tons  only, 
and  sometimes  not  exceeding  12  to  17  tons  per  furnace  and  day. 
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iron  is  preferably  smelted  from  foreign  otesi  and  has  the  following 

CO nj position  : — 

Per  Cent, 
CiirWn  .        .  .  3  to  1 

Mjingiiiiese    .        .  .        .         0  3  to  Of* 

SiUcoii  ...  1  tu  3 

The  charcoal  is  obtaioed  partly  by  distil lini^  it  in  retorts  at 
the  works,  and  partly  by  purchasing  kiln  charcoal  elsewhere, 

The  works  od  the  Dill  and  the  Laar  in  Nassau  comprise  lbs 
Budenis  Ironworks  and  the  ironworks  of  Hirzenhain  and  Lollar. 
These  nianufaeture  from  the  Nassau  hsematite  a  fnundry  pig  wliich 
contains  0'2-0"8  per  cent  of  phosphorus.  Manganese  iron  is 
also  smelted  fiora  the  native  ores,  WeatpliaHan  coke  is  uat;d,  the 
carriage  of  which  costs  about  5s.  7d.  per  ton  fur  tlie  whole  dis- 
lance  of  132  miles  from  Heme  to  Wetzlar* 

In  the  paper  by  Mr  Schlink  njeutioii  was  made  of  the  fact 
that  German  iron  foundries  were  with  difficulty  persuaded  to 
use  German  pig  iron-  At  the  present  time  this  objection  is 
fully  overcome,  and  it  is  mainly  due  to  the  active  efforts  of  the 
Buderus  firm  that  the  prejudice  was  finally  removed. 

Geo  OP  IlL — SikHia  ami  Pomerania^ 

The  production  of  iron  in  this  group  amounts  to  762,843  tons» 
representing  9*8  per  cent,  of  the  whole  of  the  pig  iron  produced 
in  the  country,  exceeding  the  relative  proportion  of  tiiat  of 
Group  IL  by  1*7  per  cent.  Of  the  several  varieties  manufac- 
tured within  the  group,  the  proportion  to  the  whole  is  as 
fallows  :— 

Vew  Out. 

PadflUng  nnil  ipieg^leiien  45 

Bluio  pig        ,        «         .  S6 

FouDdry  pig  .  ^ 

B^ai^m^r  pig  5 

It  is  noteworthy  that  in  this  group  the  production  of  puddling 
iron  and  spiegeleisen  shows  an  increase  over  that  of  IS 80 
Basic  pi|L!  began  to  be  Idown  in  1884,  and  uiost  of  it  is  niaiuiEac- 
tured  at  the  Friedenshutte,  chiefly  for  use  in  those  work^^*  Tlie 
Kouigshiitte,  which  bus  worked  the  Bessemer  acid  process  since 
1872^  has  now  adoptad  the  basic  process* 
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Besides  the  native  ores,  tap  cinder  and  pyrites  residues  are 
smelted :  spathic  iron  ore  from  Hungary,  clay  ironstone  of 
Jurassic  age  from  Poland,  magnetite  from  Schniiedeberg  in 
the  Riesengebirge,  blackband  and  Swedish  ores,  the  last-named 
being  imported  through  Stettin. 

In  addition  to  the  works  mentioned,  the  following  are  also 
situated  in  Upper  Silesia :  the  Borsigwerk,  the  Donnersmarck- 
hiitte,  the  Julienhiitte,  the  Falvahiitte,  the  Konigs  and  Laura- 
hiitte,  the  Hubertushiitte,  the  Redenhlitte,  and  the  Tamowitzer- 
hiitte. 

The  daily  output  of  most  of  the  blast-furnaces  does  not  exceed 
50  to  70  tons ;  it  is  only  the  newer  furnaces  at  the  Konigs  and 
Laurahiitte,  the  Friedenshiitte,  and  the  KrafHwerk  which  can 
produce  95  to  120  tons  a  day. 

Group  IV. — The  Kingdovi  of  Saxony, 

This  consists  solely  of  a  single  establishment,  namely,  the 
Konigin  Marien-hutte,  at  Cainsdorf,  near  Zwickau.  At  these 
works  20,942  tons  of  pig  iron  were  manufactured,  representing  0*3 
per  C(;nt.  of  the  total  production  of  Germany.  Forge  iron  and 
open-liearth  pig  are  blown,  also  Bessemer  and  foundry  pig.  The 
spathic  iron  ores  and  brown  ores  from  the  Vogtland  and 
Thuringia  are  used,  besides  haematite  from  the  neighbourhood 
of  Zwickau  and  Eibenstock  in  the  Erzgebirge,  spherosiderite 
from  the  Saxon  coal  district,  and  cinder. 

The  Saxon  district,  in  which  the  works  are  situated,  also 
supplies  the  coal  for  coking.  In  addition  to  this,  coke  from 
Westphalia  and  Upper  Silesia  is  also  used.  The  further  treat- 
ment of  the  iron  is  carried  on  in  basic  open-hearth  furnaces,  and 
the  proilucts  find  a  market  in  the  great  industrial  districts  of 
the  kingdom  of  Saxony  and  of  Thuringia.  The  blast-furnaces 
are  not  at  present  in  operation. 

GuGUr  V. — Hanover  and  Bnni<iv:ick. 

Two  works  chiefly  constitute  this  group,  namely,  the  llsede 
Works  and  the  (icorg  Marienhiitte!  which  together  produce 
3il,985    tons   yearly,   representing   4*4    per   cent,   of   the    ii-on 
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Amberg,  and  the  Maximilianshiitten  are  in  Eosenberg  i 
Unterwellenborn.  The  whole  of  these  works  use  Westphal 
coke,  for  which  they  pay  freight  as  follows : — 

Bochum  to  Waaseralfiiigen                          .        .        .  10  11 

,,        „   Amberg 11  6 

,,       „   Rosenberg 11  6 

„       „   Unterwellenborn 9  7 

From  the  native  ores  are  produced  : — 

88,000  tons  of  basic  pig. 

13,500    ,y    „   puddling  and  steel  iron. 

12,000   „     „   foundry  pig. 

It  is  expressly  stated  by  Mr.  Schlink  that  at  Unterwellenbi 
Bessemer  pig  is  the  principal  product.     The  authorities  of 
Maximilian  works  remark  in  reference  to  this  : — 

**Up  to  the  year  1898  Bessemer  pig  was  manufactured  at 
blast-works  at  Unterwellenborn  (Thuringia),  the  ore  used  \m 
that  occurring   in  the   neighbourhood  and  also   that   from 
spathic  iron  mines  at  Kamsdorf  owned  by  the  company. 
1898,  however,  the  production  of  Bessemer  pig  at  these  wc 
was   suspended,   and    basic   pig    has   since  been   smelted   fi 
Thuringian    ores,    obtained    from    a    deposit    occurring    in 
Silurian  formation  near  Schmiedef'eld.     These  resemble  the  < 
smelted  by  the  Prague  Iron  Company  and  the  Bohemian  Min 
Company  near  Kladno  in  Bohemia.     On  account  of  their  mi 
ganese  content  the  Kamsdorf  ores  are  used  as  an  addition  to  \ 
charge  in  blowing  basic  pig.     Besides  this  Spiegel  and  steel  ii 
are  manufactured." 

The  Maximilian  Works  have  also  secured  coal  mines  in  the  c< 
district  of  Hamm  in  Westphalia.  The  iron  manufactured  in  t 
group  represents  1*5  per  cent,  of  the  total  production  of  Germai 

Group  VII. —  The  Saar  Bistnct,  Lorraine  and  Luxcmhurg. 

In  1901,  2,890,748  tons  were  produced  within  this  gro 
representing  37*2  per  cent,  of  the  total  production  of  Germa 
and  exceeding  that  of  the  year  1883  in  the  same  district 
three  times.     At  the  same  time  the  quantity  of  puddling  t 
steel  iron  produced  is  450,000  tons  less,  while  of  foundry 
350,000    tons   more  were    blown  in   1900   than  at  that  til 
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been  granted  free  of  charge,  the  idea  being  to  foster  the 
struction  of  railways  in  the  country  without  having  to  make  a 
direct  outlay  of  money*  The  ore  within  the  railway  companies' 
concession  is  usually  worked  on  mining  leases,  and  the  export  of 
this  from  the  country  is  permitted.  Furtiier,  at  the  place  of 
outcrop  the  State  allowed  the  ground -owners  to  have  Iree  dis- 
posal of  an  area  of  3857  acres*  As  thts  laud  was  largely  split 
up  into  smaU  holdings  the  result  was  that  in  a  short  tiirte  amou^  a 
large  section  of  the  lower  classes  of  the  settled  population  the 
general  prosperity  was  considerably  increased ;  and  besides  this, 
the  earnings  of  the  foreign  workmen  who  poured  in  were  spent 
for  the  most  part  in  the  country." 

On  the  basis  of  an  annual  export  of  2,200,000  tons,  Luxemburg 
would  be  able  to  continue  the  exportation  of  minette  ore  for 
fifty-six  years  to  come. 

If  the  present  rate  of  consumption  of  1,300,000  tons  per  year 
13  maintained  in  the  blast-works  in  the  country,  the  supply^ 
according  to  the  present  conditions  of  ownership,  would  last 
about  135  years. 

The  minette  district  of  Lorraine,  with  concessions  of  a 
total  area  of  about  102,300  acres^  has  eleven  times  the 
extent  of  that  of  Luxemburg,  and  apart  from  a  few  unim- 
portant pockets  the  whole  of  this  is  already  taken  up*.  At  the 
end  of  IB9G  the  ownership  was  distrilmted  in  the  following 
proportion:  55,850  acres  were  appropriated  by  tiie  works  in 
the  minette  district  and  those  bordering  on  it  (Rote  Ertle,  Metz 
and  Co.,  Angleur,  Eodan*re,  Villenipt,  Dtideliiiaen,  Roechling^ 
Dillinger  Hiitte,  Burbach,  Buecking  &  Ct^,  De  Wende),  Stumm, 
Horn  bach,  Nov&nt,  Lanmrche,  tjuint). 

The  Rhenish  Westphaliau  works  own  7060  hectares  (Gute- 
hoffnungshntte,  Phoenix,  Krupp,  Rheinische  Stahlwerke,  Sieg- 
rheinische  Gewerkschaft,  Bochumer  Verein,  and  Spaeter),  The 
remaining  28.670  acres  are  owned  privately. 

The  pnnci[ial  centre  of  the  mining  industry  in  Lorraine  is 
at  ]>re3eut  situated  in  a  district  which  begins  a  few  miles  south 
of  the  Orne,  and  extends  in  a  northerly  direction  towards  the 
Luxemburg  frontier, 

Tije  importance  of  Lorraine  for  tlie  German  iron  industry 
consists  chiefly    in  the  great  extent  of    ores  containing    lime. 
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Ba^ftrdiBg  the  eompositiQii  of  the  Tarielies  of  iroii  iiXLd  tlie 
procuiicg  of  n^LDg^uiese  oies  Mr.  Kloeckjier  remarks : — 

^Xeitber  Id  Luxembtifg,  Lorraine,  nor  on  ibe  Saax  is  anj 
•taal  srati  or  other  iron  of  ipeci&l  qoalitj  niaaii£«ctqred,  waeh 
M  heiGatite  le  the  western  diitrict  are  prodiuoed  oolj  (1) 
Buic  pig  with  I -5  to  1*6  per  cenL  of  manganese^  coptaining 
about  2  |ter  oenL  phosphorus,  012  per  cent  ma^dnitsm  salphm'^ 
aboat  0  5  to  1  per  eeni.  ailicoD ;  (2)  Basic  pig  witli  less  than 
1  per  oenL  or  wilhoiit  additioa  of  any  mangan^,  and  eon- 
taJaing  2  per  cent,  phosphoms,  0'  1 2  to  0  1 5  per  cent  solphnr,  and 
aboiti  7  lo  7*2  per  cent,  eilicon;  (3)  Puddling  pig^  with  about 
0*5  per  cent,  of  mangaziesef  about  2  per  cent,  pho^^phoms,  0*2  to 
0  4  p^r  cent,  stilphnr,  and  0*8  to  15  pet  cent,  silicon ;  (4)  Foundrjr 
pig,  containing — 
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The  manganese  used  in  the  manufacture  of  basic  ptg  is  chiefly 
imported  in  the  form  of  manganese  ore  by  way  of  Antwerp.  The 
ore*  are  mostly  from  Poti,  Greece,  and  from  India,  but  in  addition 
to  them  Nassau  ore  and  manganese  ore  from  the  Hunsriick  are 
amelted. 

The  quantity  of  foundry  pig  produced  within  Group  VII,  i^ 
verj'  considerable,  being  somewhat  less  than  one-third  of  the 
production  in  Germany  of  this  variety.  The  composition  of  the 
iron  resembles  that  of  the  Middlesbrough  pig  iron,  and  it  is  used 
in  most  of  the  German  foundries.  The  ease  with  which  it  can 
be  melted,  owing  to  the  high  phosphorus  content,  renders  it 
extremely  suitable  for  pipe  founding  and  for  hollow  goods. 

The  conditions  governing  the  production  of  iron  on  the  Saar 
are  different  from  those  of  Luxemburg  and  Lorraine.  The  blast- 
works  there  depend  on  the  railways  for  their  supply  of  minette^ 
only  a  very  small  portion  being  conveyed  by  the  Saar  canaL 
This  waterway  is  of  more  importance  in  the  transport  of 
from  France, 
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in  rapid  succession  of  a  number  of  new  works  in  tlie  jnioette 
district  and  on  the  Rhitie,  as  well  as  the  rebuilding  of  older 
pianU,  afforded  the  oppaitunitjr  to  profit  progressively  liy  the 
experience  accumulated  during  the  time  of  iiTjprecBdented  in- 
crease in  the  production.  The  greater  portion  of  all  the  installa- 
tioos  were  constructed  in  accordance  with  the  designs  or  advice 
of  the  eminent  engineer^  Mr.  F,  W,  Liirumnu,  the  inventor  of 
the  slag  tuyere.  But  before  discussing  the  blast-fur tiaee  planta 
in  detail,  the  progress  in  the  manufacture  of  coke  calls  tor  some 
attention. 

The  iron  manufactureis  require  that  the  ash  content  of  good 
cake  should  be  as  low  as  possible,  and  that  the  resistance  tfi 
crumbling  should  be  as  high  as  possible.  By  the  introduction  of 
coal- washing  plants,  coke  can  be  produced  with  a  very  low  ash 
content  The  loss  of  coal  in  the  process  of  washing  was,  how- 
ever, very  considerable,  and  since  tlie  Ciirrying  capacity  is  a  niore 
important  conaiileraiion  than  the  ash  content,  the  latter  was 
allowed  to  remain  at  8  to  i)  per  cent. 

To  obtain  a  firmer  coke»  the  cok^;- makers  add  to  the  regular 
coking  coal  a  proportion  of  splint  coal,  Special  mixers  are  used, 
which  permit  of  regulatijig  exactly  the  amount  added  and  ensure 
uniformity  in  the  mixture, 

A  greater  degree  of  density  is  also  imparted  to  the  coke  by 
the  stamping  of  the  coking  coal.  This  is  etfected  in  boxes  which 
are  traversed  in  front  of  the  ovens*  This  process  is  extensively 
used  in  Upper  Silesia,  but  it  appears  likely  to  be  adopted  in 
Westphalia  on  a  larger  scale  than  formerly. 

The  most  important  agent  in  the  production  of  hard  coke  is  a 
highly  heated  oven.  In  the  Copp^e  oven,  which  is  almost  uni- 
versally used  in  Germany,  the  hot  working  is  attained  by  making 
the  chambers  narronv  and  not  too  high. 

An  improvement  of  considerable  importance  for  ovens  with 
by-product  recovery  plant  was  effected  by  the  Otto  method  of 
bottom*firing*  These  ovens  have  a  coking  time  of  twenty-t^vo 
to  thirty-six  hours,  according  to  the  kind  of  coal  used  and  the 
internal  width  of  the  ovens.  By  the  heat  of  distillation  of  1  lb. 
of  coal  charged  1*2  lbs.  of  water  are  evaporated,  a  result  which 
is  rarely  exceeded  in  ordinary  ovens. 

According  to  Dr  H.  Wieehel,  the  production  of  coke  in 
by-product  overm  in  Germany ^  for    1900,  w^aa  42  per  cenL  of 
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removal  of  the  cruslied  slag*  At  the  Heorichslititte  at  Hattin- 
yen  the  whole  of  the  raw  material  is  carried  to  the  blast-furnace 
by  means  of  these  suspended  tracks. 

Where  it  is  not  the  practice  to  (^riod  the  slag,  it  is  got  rid  of  bj 
pouring  it  into  tubs  on  tipping  waggons  of  about  ten  tons  capacity  ; 
or  it  may  be  retnovidd  in  ladle  waggons  similar  to  those  for  liquid 
metal  The  waggons  are  very  often  of  standard  wheel  gauge,  A 
number  of  tliese  have  been  built  by  the  Junkerather  Company, 

Owing  to  the  certainty  with  which  the  phosphorus,  the  heat- 
agent  in  the  basic  process^  can  be  introduced  into  the  pig  iron, 
the  practice  of  conveying  the  iron  in  the  liquid  state  from  the 
blast-furnace  to  the  steelworks  has  been  everywhere  adopted 
where  the  local  conditions  were  favourable.  Mixers  with  tilt- 
ing arrangements,  which  contain  up  to  250  tons  of  metal,  are 
also  installed  at  almost  all  these  works.  Among  niaoy  other 
advantages  attending  the  transport  of  liquid  metal  not  the  least 
is  the  great  economy  in  labour  gained  thereby.  Under  these 
altered  conditions  the  term  '*  pig  iron,"  familiar  also  among 
German  iron-workers,  certainly  appears  to  lose  its  significance. 
Casting-machines  have  not  been  adoi^ted  in  Germany,  for  the 
reason  that  almost  all  the  iron  is  sold  according  to  analysis,  or  is 
at  least  carefully  sorted* 

In  recent  years  the  exterior  of  the  blast-furnace  has  undergone 
considerable  modification  (Plate  I.).  The  heavy  cast-iron  columns 
supporting  the  cast-iron  bearer  plate  are  now  seldom  used,  nor  is 
the  framework,  consisting  mainly  of  four  corner  columns  carrying 
the  top  charging  platform.  In  the  newer  installations  eight 
columns  are  arranged  round  the  furnace- body,  which  stand  upon 
tiie  foundation  below  the  free-stand iug  hearth.  These  are  carried 
up  to  the  charging  platform,  and  the  wrought-iron  bearer  plate 
is  supported  on  brackets  projecting  from  them,  also  the  platform 
giving  access  to  the  tap-hole  and  the  tuyeres.  The  casing  of  the 
liearth  and  boshes  is  constructed  of  strong  rivetted  plates,  though 
it  often  occurs  that  the  boshes  are  constructed  with  cooling  rings 
and  wrought-iron  hoops.  Tlie  furu  ace-body  is  held  together  by 
strong  hoops.  The  expansion  of  the  furnace-body  is  provided 
for  by  means  of  stuffing  boxes  beneath  the  charging  platform. 
At  some  works  the  furnaces  are  built  of  bricks  of  small  dimen- 
sions^ laid  with  cement  Carbon  bricks  are  also  much  used. 
Mr.  Burgers  of  Schalke  has  constructed  a  furnace  at  the  Vulcau 
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an  iron  grid,  and  also  on  stonework.  Instead  of  the  valves 
a-s  constructed  hj  Cowper,  tlie  revolving  valves  of  Schmidt  are 
aoraetimea  nned.  For  closing  the  cleansing  openings,  the  Morion 
doors  are  much  in  favour. 

The  blast-furnace  induatrj  has  taken  fnll  advantage  of  thB 
great  progress  in  st^am*engloe  construction  in  Germany.  It 
also  became  clear  that  the  large  surplus  of  gas  ohtaltied  in  the 
working  of  several  furnacea  might  be  usefully  employed  in 
jr»enerating  electricity  which  could  be  distributed  aa  power  to 
any  desired  part*  Not  only  the  large  works  combined  with 
liependent  instailations^  but  also  smaller  works  began  to  put 
down  central  electric  power  stations,  and  the  collective  output 
of  power,  aui  nun  ting  to  1200  horse- power,  permitted  the  employ- 
ment of  componntl  engines. 

This  was  followed  by  the  constmction  of  blowing  engines  on 
this  principle,  the  horizontal  type  being  in  general  preferred  for 
the  blast.  The  increased  piston-speed  as  compared  with  the 
older  flteam  engines  was  productive  of  some  difficulty  with  the 
direct-driven  blowing  engine^  as  it  was  found  that  the  leather 
valves  in  common  ust*  could  no  lon*^er  be  depended  on*  Added 
to  this  was  the  necessity  to  increase  the  blast^pressure.  By  the 
introduction  of  lilting  valves  instead  of  flap  valves  this  def&ct 
was  obviated.  Two  systems  of  valves  are  chiefly  used,  namely, 
the  Riedler-Stunipf  and  the  Ganz-Horbiger,  These  are  on  view 
at  the  exhibit  of  Oeciielhauser  and  Kleins. 

The  adoption  of  the  compound  steam  engine  necessitated  the 
raising  of  the  boiler  pressure.  At  the  present  time  a  pressure  of 
120  to  150  lbs.  per  square  inch  is  usual.  The  Cornish  boi 
js  most  in  favour*  but  the  irajiroved  method  of  cleausing  the 
now  permits  the  use  of  more  couipHcated  types,  among  which 
are  water- tube  boilers  witii  mechanical  scrapers.  Boilers  with 
special  firing  arrangements  are  principally  useiK 

In  spite  of  the  notable  improvements  eifected  in  the  steam 
engine  in  recent  yearSj  these  will  witli  difficulty  hold  their  own 
against  the  engines  driven  by  blast-furnace  gas.  How  rapidly 
the  latter  are  coming  into  use  is  shown  in  a  striking  manner  on 
comparing  the  Paris  Exhibition  with  that  of  Dnsseldorf,  At 
IWia  the  600  horse-power  blowing  engine  of  the  Delamare- 
Dehouttevilie  type  built  at  Seraing  attracted  the  attention  of 
technical  men  of  all  nations  as  the  largest  and  sole  existing 
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other  furnaces  was  1661  tons,  or  415  tons  per  furnace.  The 
extraction  from  tlie  ore  mixed  with  flux  charged  was  42  per  cent. 

The  employment  of  labour  at  the  blast-furnaces  varies  ex- 
ceedingly, so  that  comparative  data  are  scarcely  obtainable.  To 
add  to  the  difficulty,  the  particulars  submitted  by  the  works  fre- 
quently include  the  industries  connected  with  iron-making,  such 
as  coke-making,  brick  factoric  s,  &c.  Again,  those  works  which 
manufacture  every  kind  of  iron  naturally  have  to  stock  ores  o£ 
all  kinds  on  a  large  scale,  which  increases  the  cost  of  transport 
of  raw  material.  Finally,  those  blast- works  which  treat  the  pig 
iron  in  the  liquid  state  can  economise  considerably  in  labour. 

Still,  the  figures  for  some  of  the  works  may  be  of  interest : — 


Deutscher  Kaiser  Company     . 
Horder  Verein 

Production. 

Number  of 
Workmen. 

Output  per  man 
per  year. 

Tons. 
208,651* 
255,720 

980 
685 

Tons. 
419 
373 

The  following  data  were  also  given  by  the  kindness  of  the 
HSrder  Verein : — 

Blast-Fumace  Works  at  Hih'de, 


Year. 

Production  of 
Iron. 

No.  of  Workmen 
Employed  at  the 

Blaat-Furnaces. 

Tons. 

1880-81     .... 

77,276 

602 

1881-82     . 

82,204 

595 

1882-83     . 

90,481 

583 

;  1883-84     . 

94,078 

659 

1  1884-85     . 

99,442 

558 

1  1885-86     . 

106,468 

549 

!  1886-87     . 

91,256 

574 

i  1887-88     . 

131,633 

513 

'  1888-89     . 

121,898 

470 

1880-90     . 

134,785 

478 

1  1890-91     . 

122,618 

474 

1891-92     . 

147,500 

497 

1892-9.3     . 

146,570 

491 

1893-94     . 

178,762 

517 

1894-95     . 

181,241 

5(>5 

■  1895-96     . 

215,8:15 

583 

1896-97     . 

218,640 

581 

1897-98     . 

239,990 

694 

1898-99     . 

250,956 

645 

1899-1900. 

274,099 

772 

1900-  01     . 

279,444 

800 

1901-02     .... 

255,720 

685 

January  1  to  June  30,  1902. 
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PROGRESS  IN  STEELWORKS  PRACTICE 
IN   GERMANY   SINCE    1880. 

By  R.  M.  DAELEN  (DObskldorf). 


Since  the  last  occasion  on  which  the  Iron  and  Steel  Institute 
visited  Germany  in  the  year  1880,  a  notable  development  has 
taken  place  in  the  production  of  steel  in  this  country,  and  to- 
day again,  as  formerly,  tlie  Industrial  Exhibition  of  the  Rhine 
provinces  and  Westphalia  affords  a  fitting  opportunity  for  taking 
note  of  the  progress  which  has  been  achieved  in  recent  years. 
The  author  therefore  proposes  in  the  present  paper  to  give,  in  as 
brief  a  space  as  possible,  an  account  of  the  recent  progress  and 
of  improvements  of  a  more  important  cliaracter  which  have  been 
effected  in  the  domain  of  steel  manufacture  on  a  large  scale. 
The  commencement  of  this  period  dates  from  the  introduction 
nearly  fifty  years  ago  of  the  invention  of  Henry  Bessemer,  and  a 
subsequent  impulse  was  given  by  the  later  development  of  the 
Siemens-Martin  open-hearth  furnaces.  But  in  1880  the  annual 
production  of  wrought  iron  in  Germany  still  amounted  to 
1,270,000  tons,  while  that  of  mild  steel  was  not  more  than 
625,000  tons.  In  the  year  1901  the  former  figure  had,  however, 
fallen  to  900,000  tons,  and  the  production  of  mild  steel  for  that 
year  rose  to  over  6,000,000  tons,  the  classification  being  as 
follows : — 


Acid  Process. 

Tons. 
299,816 

Basic  Process. 

Tons. 
3,075,070 

Total  Blild 
Steel. 

I.   Inijot  metal 

(a)  produced  in  the  converter 

Tons. 
4,274,886 

(b)  produced  in  the  open-hearth 

1        125,590 

1,886,530 

2,012,126 

II.  Steel  castings 

39,634 

67,576 

107,210 

Total  production      . 

465,040 

5,929,182 

6,394,222 

The  above  represents  the  output  of  103  steelworks  in  1901. 
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long  time  to  come,  on  account  of    the  nature  and  quaZ  ^  j 
the   ores  available.     The   somewhat  stringent  requiremer-^      i 
the  consumers  as  regards  the  quality  of  the  finished  pr 
are  also  best  met  by  this  method  of  production.     A  diffi 
is   now,  however,  beginning    to    be    felt   in  some    d  is  trie 
obtaining  pig  iron  with  the  necessary  percentage  of  phosph^ 
which  should  amount  to  about  2  per  cent.,  and  in  conseqm 
the  numerous  efforts  to  discover  a  process  in   which   a  1«^ 
percentage  would  suffice  appear  to  be  fully  justified.     Sev"* 
works  have   already   found    themselves  compelled   to   returr^ 
portion  of  the  converter  slag  to  the  blast-furnace  in  order" 
obtain  the  required  quality  of  basic  pig,  and  the  phosphuri 
thus  kept   in   circulation.     Since,   with   the   above    f>roport£ 
which  cannot  often  be  exceeded,  no  considerable  evolutioa 
heat  occurs  in  the  converter,  the  remelting  of  waste  pieci 
possible  in  a  very  much  less  degree  than  is  the  case  in   a. 
working.     Consequently  a  greater  number  of  open-hearth  fnriiac?:^ 
is  necessary  for  dealing  with  the  waste  and  scrap.     These    wJ^ 
generally  of  the  basic  system,  lined  with  crushed  dolomite,  ait^ 
their  capacity  is  about  15  to  20  tons.     A  capacity  of  30  tons 
rarely  exceeded,  and  there  are  in  existence  only  very  few  f urna^ 
of  50  tons. 

In  the  west  of  Germany  the  usual*practice  is  to  melt  a  charga 
consisting  of  25  per  cent,  pig  iron  and  75  per  cent,  small  scrap, 
six  heats  per  twenty-four  hours  being  obtained  from  a  15-tott^ 
furnace,  while  from  a  25-ton  furnace  not  much  more  tliaa 
four  are  possible  in  the  same  time.  From  this  it  would  appear 
that,  since  the  output  remains  about  the  same,  no  particular 
advantage  is  gained  by  the  adoption  of  larger  furnaces,  unless 
it  is  a  question  of  producing  very  large  and  heavy  ingots  or 
castings.  The  initial  outlay  in  constructing  a  large  nuujber  of 
small  furnaces  is  not  so  great  as  that  required  for  the  construction 
of  a  smaller  number  of  large  furnaces,  and  the  consumption  of 
fuel,  amounting  in  the  former  case  to  270  kilogrammes  per  ton 
of  steel,  is  not  in  any  way  reduced  by  using  larger  furnaces.  On 
the  other  hand,  the  number  of  charges  per  day  falls  to  2  J  when 
the  proportion  of  pig  iron  is  increased  to  80  per  cent,  a  practice 
often  followed  in  the  east  of  Germany,  and  in  that  region,  there- 
fore, furnaces  of  larger  capacity  can  be  more  suitably  employed. 
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ative,  although  in  consequence  of  the  attitude  of  the  syndicates 
the  raw  material  is  relatively  more  expensive  than  the  half  or 
completely  finished  products  of  the  Tolling-mills*  In  other 
respects  the  determined  endeavour  of  German  technical  industry 
to  discover  new  markets  for  iron  products  h  manifested  by  the 
buildings  of  colossal  proportions  at  the  Diiaseldorf  Exhibition 
and  their  contents,  A  coniparison  of  them  with  the  buildings 
at  the  Exhibition  of  1880,  or  even  with  those  of  the  Paris 
Exliibitiona  of  1889  and  1900,  shows  that  structures  of  iron 
pure  and  simple  have  to  some  extent  given  way  to  a  combination 
of  ironwork  with  stone  and  concrete.  This  is,  however,  by  no 
means  to  be  re^^arded  as  a  retrograde  step  in  the  application  of 
iron  to  sucli  purposes,  but  is  indicative  of  the  endeavour  to  solve 
the  important  problem  of  finding  adequate  means  of  protecting 
the  ironwork  of  buildiugs  from  becoming  heated  by  an  outbreak 
of  fire  within*  Iron  alone  does  not  confer  safety  against  the 
effects  of  fire.  The  necessary  steps  towards  the  achievement  of 
this  have  already  been  initiated,  and  the  thirty  years  of  success- 
ful endeavour  in  extending  the  use  of  iron  on  the  part  of 
German  technical  science  are  a  sufficient  guarantee  that  a  satis- 
factory solution  of  the  question  will  be  found.  The  compiling 
of  the  book  of  standard  sections  and  the  publication  of  standard 
designs  for  iron  structural  work  furnish  an  eloquent  proof  of  the 
ability  to  deal  successfully  with  the  matter. 

The  above  is  a  brief  review  of  the  general  situation  of  the 
German  iron  industry.  Eeturniiig  now  to  the  tuethods  in  use 
for  the  further  treatnjent  of  steel,  it  will  be  found  that  the  older- 
established  works  have  for  the  most  part  retained  the  well-known 
system  of  casting  ingots,  consisting  of  a  hot-metal  ladle  carried 
either  on  a  slewing  or  travelling  crane,  and  successively  placed 
above  the  stationary  ingot^moulda*  On  the  other  hand,  only  a 
few  of  the  more  modern  works  have  adopted  the  reverse  method 
of  drawing  the  ingot- moulds  along  beneath  a  stationary  ladle^ 
combined  with  which  process  is  also  the  forcing  out  of  the  ingots 
from  their  moulds  by  mechanical  means. 

The  latter  method  does  not  permit  of  filling  several  moulds  at 
once  by  bottom  pouring,  and  its  adoption  has  extended  according 
to  the  ability  to  roll  rough  ingots  at  one  heat  into  finished 
products  such  as  wire,  rods^  small  sections  and  plates,  which 
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latter  medium  is  particularly    suitable    for   welding,    though   lo  ' 
other  respects  water-^aa  has  not  yet  fouml  extensive  applica- 
tion ill  ironworks,  siuce  the   Siemens  producer-gas,  containing 
40  per  cent,  or  more  of  available  fuel,  still  meets  all  require- 
ments. 

In  the  manufacture  of  seamless  tubes  and  hollow  bodies,  two  < 
metliods  are  principally  employed  :— 

h  That   of    Mannesmann,    which    consists   in    producing    a 
hollow  in  the  interior  of  a  cylinder  by  expanding  the  surface. 

2.  That  of  piercing  a  solid  billet  witlj  a  mundriL 

In  both  cases  the  tube  is  finished  by  rolling  out  or  drawbi^^  over  j 
a  mandrii     Tlie  Litter  process  has  been  greatly  developed  bj 
H*  Ehrhar^lt,  of  Diisstddorf,  who  maniifaetures  seamless  l>oiler  ] 
rings  besides  tubes  and  projectiles.     His  products  are  to  be  seen 
in  the  ex  Id  bit  of  the  Rheinische  Metallwaareu  und  Maschinen- 
fabrik. 

To  keep  pace  with  the  production  of  the  steelworks,  the  daily 
capacity  of  the  machines  and  appliances   for  working    up   the  i 
material,  and  of  the  rolling-mills  in  especial,  has  been  increased^ 
Wherever   possible,  every  appliance    which  is    the   outcome    of] 
the  ceaseless  progress  of  modern   invention  has  been   brought] 
into  play  to  lower  the  cost  of  production.     To  enter  fully  into  | 
the  whole  of  such  details  would  occupy  too  njuch  time,  and  thej 
author  therefore   limits  himself  to  the  following   points:    Thel 
introduction  of  the  blooming- mi  11   for  small  and  large  ingots,  and] 
the  develoi>ment  of  the  two- high  and  three-high  trains  as  finiah- 
ing-mills,  with  continued  improvement  in  tlie  methods  of  counter- j 
balancing ;  and  the  use  of  val^e-geara  of  precision  for  controUiDg] 
the  rolling-mill  enghies  when  working  at  the  highest  speed  ofi 
piston  and  maximum  revolutions  per  minute.     After  many  trialfi  j 
with  valves  and   slides,   the   form    of  valve  whicli  has    found! 
most    favour  is    the    cylindrical  with  a  motion    in    the    direc*] 
tion  of  the  axis,  the  Corliss  valve  also,  in  some  cases,  liaving 
been   adopted.     Very   cou3i<lerabIe    economies    have  also    beeitl 
effected    \>y    the    use    of    efficient    condensers,    particularly    of] 
central   installations  of  these,  and  recently  by  the  employment  f 
of  superheated   steam.     Quite  recently  it  has  been  attempted, 
experimentally,  to  drive   rolling-mills  direct  by   means   of  gasj 
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the  method  of  driviiin;  witliout  a  Hjwheel  would  certainly 
best  suited.  The  same  rule  would  hold  good  so  long  as  the  roUs 
exceed  600  mitliitietTes  (2  feet)  diameter,  and  so  long  as  the 
two-hij^h  systeni  does  not  iiivolve  a  considerable  increase  in  the 
number  of  stands.  The  extra  cost  of  these  would,  however,  be 
compensated  for  in  great  part  by  dispensing  with  the  lifting 
tables,  and  by  the  consequent  simplifyiug  of  the  live- roller  driv- 
ing gear,  and  of  the  upsetting  gear.  L^^ss  hand  labour  would 
also  be  required* 

With  regard  to  the  Grey  universal  mill  at  the  Differdingen 
Works,  Mr»  Meier,  the  managing  director,  reports  iliat  it  has 
now  been  satisfactorily  proved  that  by  this  method  of  rolling  the 
object  in  view  can  be  fully  attaineil,  namely,  that  of  rolling 
girders  with  flanges  of  quite  abnormal  wiilth,  in  order  to  save 
ri vetting  in  columns,  runway  girders,  &c.  The  girders  can  also 
be  roiled  with  a  greater  depth  than  has  hitherto  been  possible. 
Definite  ilgures  as  to  the  cost  of  manufacture  are  not  yet  avail- 
able, since  the  production  is  at  present  too  small  to  enable  a 
fair  estimate  to  be  made,  and  sufficient  time  has  not  elapsed  to 
allow  for  the  creation  of  a  regular  demand  for  the  new  sections. 
But  it  can  already  be  stated  with  certainty  that  this  mill  turns 
out  the  special  sections  at  any  rate  almost  as  cheaply  as  standard 
sections  can  be  produced  on  an  ordinary  niilh  Thus  the  chief 
apprehensions  as  to  the  rapid  wear  of  the  rolls  have  not  been 
justified,  bnt  on  the  contrary  the  wear  per  ton  of  material 
rolled  is  found  to  be  no  greater  than  in  an  ordinary  mill,  for  the 
reason  that  the  weight  of  the  rolls  for  the  large  sections  is  con- 
siderably less  than  in  the  ordinary  mill. 

With  regard  to  the  number  of  rolls  to  be  provided  for  a  rod 
and  bar-iron  mill,  it  may  be  mentioned  tlmt  as  the  result  of 
improvements  in  the  balancing  a  considerable  reduction  in  the 
length  and  number  of  rolls  iias  already  been  efTeetedj  and  there 
ia  a  prospect  of  a  further  advance  in  this  direction.  In  practice 
the  two-high  mill  gives  a  greater  daily  output,  and  suffers  leaa 
from  abrasion  than  a  three-hiyh  mill,  owing  to  the  greater  speed 
of  the  rolls  in  the  latter,  and  because  the  middle  roll  has  twice 
the  work  of  the  other  two,  being  used  at  every  paas.  The 
changing  of  the  rolls  is  also  easier  with  a  two-high  than  with 
a   three- high    mill,       In   this  connection  it  is  advisablej  when 
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of  their  market — these  are  of  so  diverse  a  nature,  and  orders  for 
one  quality  or  form  of  product  are  by  no  means  of  the  same 
magnitude  here  as  is  often  the  case  in  the  same  industry  in  other 
countries.  In  arranging  the  buildings  and  machinery,  the  chief 
aim  to  keep  in  view  is  accordingly  not  only  a  large  daily  output 
and  the  saving  of  labour,  but  it  consists  rather  in  devising  how 
to  do  work  at  remunerative  rates  even  with  apparatus  and 
machines  of  medium  productive  capacity,  and  with  frequent 
changes  in  the  kind  of  material  supplied.  If  on  this  account 
the  German  works  are  less  imposing  as  compared  with  modern 
installations  abroad,  we  can  console  ourselves  with  the  reflection 
that  circumstances  must  be  adapted  to  meet  conditions,  and  that 
limits  can  be  set  to  all  competition,  however  much  this  may  be 
feared. 
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be  about  the  limit  of  physical  endurance  in  the  labour  of  clmrgiBg, 
so  that  unless  the  increased  size  of  furnace  was  arranged  to  be 
charged  mechitniatily,  with  charging  macliiiiea  such  aa  were 
adopted  iu  nearly  all  the  opeu-hearth  plants  in  Anierica,  full 
advantage  of  the  larger  furnace  would  not  ensue*  With 
mechauical  chargers  and  50-ton  furnaces  using  50  per  cent 
scrap,  an  output  of  about  900  tons  per  week  was  attained  in 
American  practice.  With  reference  to  the  relative  time  of 
cooUug  of  acid  steel  ingots  as  compared  with  basic  steel  ingoLs^ 
he  might  say  his  experience  had  been  that  basic  steel  ingots 
took  longer  to  cool  than  acid  steel,  because  tlte  basic  steel  was 
generally  of  a  more  lively  nature,  and,  speaking  in  a  general 
sense,  the  more  lively  the  steel,  either  acid  or  basic,  the  longer 
it  took  to  seL  The  contraction  of  tlie  ingot  liowever  would,  he 
thought,  be  pari  passu  with  the  radiation  of  the  heat,  and  when 
the  ingot  was  sufficiently  set  to  permit  of  drawing  the  mould, 
the  heat  of  the  ingot  in  both  instances  would  he  somewhat  similar. 


CORRESPONDENCE. 

Mr-  A.  Greintr,  Member  of  Council,  stated  that  Mr,  Max 
Meier  had  ordered  for  liia  works  at  Differdingen  a  1200  H.P. 
blast-furnace  gas  engine  for  driving  a  merchant  mill,  and  it  was 
contemplated  within  a  few  days  to  order  another  one  of  2000 
H.R  for  a  wire-rolling  milL  An  engine  of  1200  H,P*  was 
aiK)Ut  to  be  ordered  for  Mr,  Trasenster  of  the  Ougree  Steel 
Works,  for  a  merchant  mill.  The  gas  would  he  brought  frotn  the 
blast-furnaces  to  the  mill,  a  distance  of  400  to  500  yards, 
through  18-iuch  iron  piping*  The  pipe  would  be  led  over  the 
village  street^  but  as  the  permission  of  the  authorities  had  atill  to 
be  obtained  for  its  passage,  the  order  for  the  engine  Iiad  been 
postponed  for  a  few  weeks. 

Mr*  Daelen  wrote  in  reply  to  Sir  James  Kitson  that  the 
application  of  electriiity  to  the  driving  of  rolling  mills  would  iu 
future  gain  ground  wherever  it  was  found  to  be  more  economical 
than  steam  driving,  since  experience  with  the  present   installR- 
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The  rheostat  for  the  maia  or  compound  coils  was  on  the  other 
hand  placed  in  series  to  these,  so  that  the  current  which   flowed 

through  them  was  weaker  in  proportion  as  the  resistance  of  the 
rheostat  was  lessened.  With  the  aid  of  the  shant  rheostat  the 
motor  was  speeded  to  run  at  between  330  and  450  revolutions 
per  minute,  the  more  accurat-e  adjustTiieiit  of  the  speed  being 
effected  by  means  of  the  main  rheostat.  In  addition  to  the 
above  two  resistances  a  third  was  provided  in  the  controller* 
This  was  used  for  starting  and  stopping,  and  was  short-circuited 
a3  soon  as  the  motor  had  attained  the  normal  speed.  Upon  the 
controller  from  which  the  shunt  coil  branches  was  also  fixed  a 
magnetic  spark  preventer,  A  direct  current  motor  was  chosen 
becfiuse  it  had  the  advantaL^e  over  the  polyphase  system  that  a 
battery  could  be  interposed  between  the  motor  and  the  generating 
station,  which  served  as  a  protection  to  the  latter  against  shockSi 
At  the  same  time  the  battery  acted  as  a  reserve  in  case  of  a 
stoppage  in  the  central  power  station.  Other  advantages  relating 
to  ease  of  control  have  already  been  dealt  with.  If  the  motor 
house  were  suitably  isolated  from  the  rolling  mill  shed  the  motor 
would  be  protected  from  dust  and  would  be  as  reliable  fn  its 
working  as  a  polyphase  motor,  Tha  mill  served  to  roll  mild 
steel    and    wrought  iron   into   rounds  and   fiats   of    fV    to   over 

1  inch  diameter  or  width,  also  flat  bars  f  to  IJ  inch  wide, 
and  hoop  iron  of  t  to  1  inch  wide  and  iV  inch  tiiick  and 
upwards.  It  consisted  of  a  set  of  rouj^rhing  rolls,  the  length  of 
roll  being  3  feet  10  inches,  and  the  diameter  12|  inches,  and  of 
the  fi  nisi  dug  mill   with  seven  stands,  the  length   of  roll   being 

2  feet  and  the  diameter  9  inches.  Electric  driving  had  proved 
in  every  way  satisfactory,  and  no  stoppage  had  ever  occurred 
since  the  mill  was  put  into  operation  in  May  1901," 

With  regard  to  the  relative  merits  of  electricity  or  hydraulic 
pressure  for  driving  cranes,  his  (Mr*  Daelen*??)  view  was  that  the 
former  was  chiefly  advantageous  on  account  of  offering  an  easier 
means  of  transniitting  power  and  of  regulating  the  supply  of 
power.  But  the  conversion  of  the  high  velocity  of  a  rotating 
electric  motor  into  the  comparatively  slow  stralght^ine  motions 
of  cranes  rendered  necessary  the  introduction  of  a  lar^je  number 
of  mechanical  parts,  such  as  spur-gearing,  and  these  were  exposed 
to  the  risk  of  breRking  down  or  of  rapid  wear  and  tear.     This 
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iacreased  cost  of  plant.  Cbarging-raachines  were  installed  in  the 
majority  of  works,  the  advantages  of  which,  aa  was  well  known, 
consisted  cbiefiy  in  the  saving  of  manual  labour,  while  the  yield 
of  the  furnace  was  not  iuconsiderahly  increased*  Several  types  of 
cbarging- machines  were  in  use,  among  which  those  constructed 
in  accordance  with  the  author's  own  design,  as  iOuslmted  in 
Stahl  und  Eisefif*  were  especially  deserving  of  notice.  These 
were  constnicted  to  travel  upon  overhead  ninways,  and  a 
platform  of  great  strength  was  not  required,  They  could  there- 
fore be  adapted  to  most  of  the  existing  steelworks. 

With  reference  to  driving  rolling  mills  by  electricity,  the 
Allgemeine  Elektricitats  Gesellschaft  of  Berlin  reports  as  follows 
upon  the  motors  supplied  by  them  for  this  purpose:  *'Two 
motors  have  been  installed  in  our  cable  works  since  the 
beginning  of  1898  for  the  purpose  of  driving  the  rolling  mlUs^ 
a  description  of  which  plant  appeared  iu  Stahl  und  Ewiju\  The 
roughing  rolls  are  driven  by  a  motor  of  200  horse- power  working 
at  380  revolutions  per  minute,  the  motion  being  transmitted  hy 
ropes.  A  second  motor  of  400  horse- power  is  coupled  direct  to 
the  finishing  rolls  and  makes  420  revolutions  per  minute 
(similar  to  the  arrangement  at  Peine),  Besides  these  there  have 
been  constructed  two  motors,  each  of  100  horse-power  with  SOO 
revolutions  per  minute j  for  the  works  of  William  Prym  in 
Stolberg;  two  motors  of  285  horse- power  and  350  horse-power 
respectively,  rnnning  at  375  revolutions,  for  the  tube  rolling 
works  of  the  Dentschet  Katser  Company  at  Dinslaken ;  one 
motor  of  300  horse-power  and  187  revolutions  for  the  Dom- 
narfvets  Iron  Company  in  Sweden ;  aud  one  motor  of  4S0  horse- 
power with  187  revolutions  for  the  Langscheder  rolling  mills  at 
Langschedi^  In  Westphalia.  All  the  above  are  polyphase  motors 
and  have  never  caused  trouble  at  any  time  since  starting,  and  they 
may  therefore  be  regarded  as  suited  to  the  exigencies  of  rolling 
mill  work.  We  have  never  up  to  the  present  supplied  any 
motors  for  reversing  mills.  When  a  plant  of  large  power  is  con- 
cerrjed,  special  regard  must  be  paid  in  each  case  as  to  whether 
the  power  station  can  withstand  the  shock  caused  by  the 
ejcceptionally  sudden  application  of  the  load.     The  eifect  of  this 

•  Vol,  ixii.,  1902,  No.  15,  PliteaXVL  fcud  XYII. 
f  Vol  xi,,  No.  19. 
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IRON   AND  STEEL  AT  THE  DUSSELDORF 
EXHIBITION,    1902. 

By  Professor  HERMANN  WEDDING,  Ph.D.  (Berlin),  Honorary  Mbmbbr 
OF  THE  Iron  and  Steel  Institute. 

The  Exhibition  at  Dlisseldorf  is  limited  both  objectively  and 
territorially.  It  does  not  aspire  to  be  a  world's  Exhibition, 
nor  does  it  even  represent  the  whole  of  German  territory,  but 
is  confined  solely  to  the  Prussian  provinces  of  the  Rhine  and 
Westphalia. 

Of  the  important  iron  manufacturing  districts,  those  of 
the  provinces  of  Silesia  and  Hanover,  and  that  of  the  imperial 
province,  Lorraine,  which  contain  besides  the  most  celebrated 
iron  ore  deposits  of  Germany,  are  not  included,  the  only  iron- 
mining  district  of  note  represented  being  that  of  Siegerland. 
On  the  other  hand,  the  most  extensive  coal-mining  regions, 
apart  from  that  of  Silesia,  that  is,  the  Kuhr  and  Rhine,  the 
Saar  and  Aix-la-Chapelle  districts,  fall  within  the  scope  of  the 
Exhibition. 

The  metallurgy  of  iron  and  machine  construction  in  all  its 
branches  are  so  overwhelmingly  represented,  that  in  comparison 
all  other  objects  and  the  industries  connected  therewith  appear 
to  fall  into  the  background.  The  members  will  however  find 
that  this  limitation  is  no  defect,  but,  on  the  contrary,  constitutes 
a  decided  advantage.  For  metallurgists  this  Exhibition  offers 
a  display  which,  in  point  of  completeness  and  imposing  mag- 
nitude, has  hitherto  been  unexcelled. 

It  is  now  the  author's  task,  undertaken  at  the  request  of  the 
Council  of  the  Institute,  to  conduct  the  members  through  the 
iron-metallurgical  section  of  the  Exhibition,  if  they  will  consent  to 
entrust  themselves  to  his  personal  guidance. 

The  division  between  the  section  devoted  to  the  metallurgy  of 
iron  (Group  II.)  and  the  other  parts  of  the  Exhibition  is  not  sharply 
defined,  since  there  are  numerous  appendages  and  side  exhibits 
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(148  feet).  The  core  lying  near  exhibits  the  excellent  campact-j 
iiesa  of  the  material,  as  also  does  a  glauce  through  the  hollow  I 
of  the  shaft  while  illuminated.  The  iugot  from  which  thoj 
shaft  was  forged  was  formed  from  the  contents  of  1768] 
crucibles,  and  was  completed  in  thirty  minutes,  490  workmen 
being  required  for  the  work  of  casting.  Crucible  steel  ingotij 
are  cast  at  Essen  up  to  85  tons,  and  ingots  of  open-hearth  steel] 
are  made  up  to  120  tons* 

Shafts  made,  of  a  3*6  per  cent,  nickel  alloy  of  iron  are] 
forged  under  hydraulic  presses,  the  largest  of  which  is  of  5000  j 
tons  pressure*  Especially  noteworthy  are  the  enormous  castings  ] 
of  mild  steel,  among  them  the  stems  and  aternposts  for  warships  j 
and  the  m  area  utile  marine. 

It  is  almost  superfluous  to  enlarge  upon  the  great  armoured  j 
turrets  with  electric  machinery  for  revolving  them,  for  serving! 
the  large  guns  and  handling  projectiles.  These  will  be  exhibited  j 
in  actual  motion.  Every  one  is  more  or  less  acquainted  with  the 
renowned  products  of  the  Krupp  works  in  respect  of  war  material. J 
Among  these  must  also  be  reckoned  the  armoured  domes  of 
chilled  cast  iron,  which  among  other  excellent  productions  are] 
exhibited  by  the  Krupp  Gruson  works  in  the  apse  of  the  I 
building. 

The   next    building  which    is    entered    contains  the    objects  j 
placed  on  exhibition  by  the   Hoerder-Bergwerks  und   Hiitten- 
verein  (No.  503).     What  attracts  tiie  attention  here  is  chiefly! 
shipbuilding  and  railway  oiaterial.     Ship  plates,  reverse-bars  for] 
the  ship-framing,  deck -beams,  &c.,  of  excellent  finish  are  shown. 
A  marine  boiler  end-plate  of  3*6  metres  {11|  feet)  in  diameter] 
is  formed  of  a  single  piece  of  plate,  the  material  being  open^ 
hearth  steel,     A  marine   crank-shaft   of    550   millimetres  (231 
inches)  diameter,  also  of  open-hearth   steel,  is  displayed*     AllJ 
the  shafts  are  bored  out  through  the  centre,  partly  with 
object  of  reducing  their  wei.L;ht  and  partly  to  obtain  aasuraocel 
as  to  the  soundness  of  tiie  material  within.     The  perfection  of] 
the  steel  castings  is  particularly  evidenced  in  the  appearance  of] 
the  huge  stern  posts  with  rudder  and  propeller.     It  will  be  noted] 
that  the  surface  of  the  machined  parts  of  wheels,  shafts,  &g., 
almost  entirely  free  from  blow-boles* 

The  Hoerde  works  have  in  recent  years  taken  a  leading  parti 
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barrels  for  double  and  treble- barrelled  ^nins,  and  even  large  ] 
gun  tubes  are  manufactured  by  this  process.  The  initia!  opera- 
tion in  the  manufacture  of  boiler  ring  co arses  is  performed] 
iu  a  similar  manner,  the  hollow  billets  being  afterwardaj 
rolled  out  into  cylindrical  rings  on  a  rollin*:-milL  Thus  both] 
riveted  and  welded  seauts  are  dispensed  with  in  the  Qaished] 
cMJurse, 

Crossing  the  main  avenue  of  the  Exhibition  the  pavilion  of  the] 
Gutehoffnungjjhiitte  of  Oberhausen  is  reached  (No.  501).  In  I 
front  is  presented  to  view  a  large  wioding*engine*  On  turning] 
to  the  right  the  spectator  is  confronted  with  an  extensive  col* 
lection  of  ores,  pig  irons,  and  other  material.  The  variety  of  the] 
kinds  of  iron  produced  at  these  works  is  shown  by  the  large  i 
number  of  rolled  sectiuns,  and  massive  plates  afford  evidence  of  I 
the  capacity  of  the  rolling-mill.  Forgings  and  castings  of  ex« 
celient  quality,  representing^  orders  for  the  most  part,  are  a  proof  I 
of  the  remarkable  progress  which  baa  teen  achieved  in  Germany  [ 
with  regard  to  the  soundness  of  the  castings  an*!  cleanness  of| 
execution  manifest  even  on  the  rough  exterior. 

In  making  the  tour  of  the  building,  numerous  interesting  I 
illnstratiuns  of  the  development  of  the  works  from  small  be-] 
giimings  are  presented*  Samples  of  wheel-bosses  and  pulleys, I 
tires,  and  bridge- building  material  are  on  view,  which  exhibit  a| 
renuu'kable  degree  of  toughness* 

The  whole  attention  is  now  centred  on  the  large  blowi 
engines,  at  present  driven  with  producer  gas,  but  later  to 
worked  by  blast-furnace  gas*  The  peculiar  arrangement  of 
having  the  blowing  cylinders  placed  at  the  side  is  due  to  the 
desire  for  economy  of  space  lengthwise*  The  en«*ine  is  of  tl 
two-throw  type.  The  firm  has  contributed  kr^Lzely  to  the  rapid 
development  of  gas-engines  driven  direct  by  blast-furnace  gas,  and 
is  experienced  in  all  systems  of  such  motors.  Some  idea  of  th 
serviceable n ess  of  their  machines  may  be  gained  from  this  fact. 

Four  smaller  pavilions  are  now  entered^  tlie  tirst  one   beiugj 
that  showing  the  Goldscbmidt  process  (the  Thermite  Company) 
No.   499,  wliere  may  be  witnessed   the   welding  of  portions 
iron  by  means  of  thermite,  a  mixture  of  aluminium  and  oxide  o^ 
iron ;  also  the  reduction  of  carbon- free  metals,  more  particularlj 
manganese  and  chromiuuK     Next  is  the  Niederrheiniscbe  Hiit 
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hand.     On  the  left  again,  follows  the  Duisburger  Eiaeu-  trnd  1 
Stahlwerk    (No.    488),  showing    specimens  of  heavy  work,  in 
particular  end-plates  for  marine  boilers. 

The  exhibit  of  the  Germ  an- Austrian  Manuesmatin  tube- works  ^ 
(No*  486)  ia  the  next  in  turn  oo  the  right.  This  most  instruc- 
tive collection  diaplayfl  the  process  of  tube  raanufaciure  by  the 
method  of  obliqne  rolling,  which  failed  to  fulfil  all  that  had  at  j 
first  been  expected  of  itj  and  is  now  only  nsed  in  the  prelim  inary 
stage  of  manufacture.  The  tubes  are  brought  to  their  final 
state  of  perfection  by  the  use  of  the  so-called  Pil^jer  process- 

Confronting  this  is  tbe  stand  of  the  Krieger  Steelworks  (No. 
525),  witii  beautiful  specimens  of  the  firm's  products,  comprising  < 
for  the  most  part  shipbuilding  materiaL 

Tbe  collective  exhibition  of  the  Siegerland  is  now  entered 
(Nos*  387  to  478),  This  district  forms  the  southern  part  of 
Westphalia,  and  is  widely  celebrated  on  account  of  the  great 
wealth  of  its  mineral  lodes,  containing  spathic  iron  ore,  rich  in  man- 
ganese, from  which  are  produced  white  pig  iron  and  spiegeleisen. 
The  progress  achieved  here  in  the  last  decades  may  be  noted  by 
comparing  the  two  f  nil-sized  models  of  an  old  and  a  new  blast-  i 
furnace.  Mention  mnst  also  be  made  of  the  models  of  Burgers, 
of  Schalke,  not  alluded  to  in  the  catalogue,  which  show  how  a 
blast-furnace  may  be  constructed  entirely  of  iron,  provided  it  is| 
properly  cooled  on  the  outside. 

On  arriving  at  the  end  of  the  central  passage  and  turning  to  j 
the  left  an  extensive  exhibit  is  seen,  consisting  of  chilled  rolls  of  | 
great  superiority.  These  form  a  speciality  of  the  Siegerland* 
Unfortunately,  no  fractures  are  shown  of  these  rolls,  which  are! 
manufactured  in  different  degrees  of  hardness ;  by  this  means  I 
the  depth  to  which  the  hardening  penetrates  would  have  been] 
apparent* 

Tbe  way  now  leads  past  several  small  exhibits,  Soding  and 
Halbach  (No.  524),  the  Aplerbeckerhfitte  (No.  380),  and  Capitol 
and  Klein  (No.  485).  The  latter  shows  some  thin  plates  made 
of  Siegerland  iron.  These  are  followed  by  the  Aacbener  Huttenj 
Aktien  Verein  at  Eothe  Erde  (No.  379),  and  again  the  Phoenix  j 
w^orks*  Then  taking  a  passage  turning  ofif  to  the  right  the  tnbd] 
and  plate- making  section  is  once  more  passed  through,  Boeckeri 
&  Co,  of  Schalke  (No.  432)  and  the  stand  of  the  Wittener  Quss* 
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On  looking  back  towards  the  entrance,  the  exhibit  may  be 
observed  of  the  Eheinische  Stahlwerke  (No.  517),  which  afifords 
many  proofs  of  the  improvements  in  mild  steel  castings  as  well 
as  in  forgings  and  rolled  pieces.  The  Hochfelder  Walzwerke  are 
also  represented,  showing  chain  cables  for  ships.  Besides  this 
there  is  the  Emscherhiitte  exhibit  (No.  381). 

Adjoining  Group  II.  is  the  comparatively  small  Mining  Section, 
Group  I.  This  can  be  entered  direct  from  the  former,  and  thence 
the  extensive  sub-section  of  the  Association  for  Mining  Interests 
of  the  Dortmund  district  is  reached,  forming  part  of  the  same 
group.  Here,  contrary  to  the  general  rule,  are  represented  not 
only  the  productions  of  the  Rhineland  and  Westphalia,  but  also 
those  of  other  mining  districts  of  Germany. 

The  Machinery  Hall  is  then  reached,  where  gas-engines,  blowing- 
engines  and  rolling-mill  engines  are  at  work,  of  which  the  thorough 
study  would  occupy  many  days.  These  are  objects,  however, 
which  do  not  enter  within  the  scope  of  the  present  paper,  and 
the  author  will  therefore  take  leave  of  the  members  at  this  point, 
in  the  hope  that  they  may  find  a  guide  better  qualified  than 
himself  to  conduct  them  through  this  department. 

On  the  motion  of  the  President  a  cordial  vote  of  thanks  was 
accorded  by  the  members  to  the  author  for  his  interesting  and 
instructive  paper. 

The  following  paper  was  then  read  : — 
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0*1  per  cent,  of  carbon.  There  is,  moreover,  a  distiuction  to  be 
drawn  Ijetween  overheating  aod  buroiu^.  The  term  "  to  bum  ** 
conveys  the  idea  of  a  process  of  combustion,  that  is,  a  taking  up 
of  oxygen  bj  the  metal,  implying  that  a  chemical  change  has 
taken  place.  The  author  accordingly  defines  ** burning''  as  a 
chemical  change  in  metals,  especially  with  respect  to  the  taking 
up  of  oxygen  by  them ;  this  change,  of  course,  affecting  their 
physical  properties.  '^  Overheatings"  on  the  other  hand,  be  con- 
aiders  to  mean  an  increase  in  the  brittleness  of  metals  brought 
about  by  heating  under  special  conditions,  but  involviog  no 
change  in  the  chemical  composition ;  that  is  to  say,  it  is  a  purely 
phystcal  process*  The  difference  between  overheating  and 
burning  is  most  noticeaiile  in  the  case  of  copper.  By  exposing 
copper  for  a  length  of  time  to  a  high  temperature  which  do^ 
not  exceed  T— 20%  T  being  the  point  of  solidification  of  pure 
copper,  the  bending  capacity  of  the  copper  is  greatly  reduced ;  it 
becomes,  in  fact,  overheated.  Apart  from  the  formation  of  a 
film  of  copper  oxide  on  the  surface,  however,  no  chemical  change 
is  discernible*  If,  on  the  other  hand,  the  temperature  T-20''  is 
reached  and  maintained  for  a  time,  the  copper  takes  up  oxygen 
from  the  air  forming  oxide  of  copper,  and  thus  undergoes  a 
chemical  change.  It  is  then  burnt  The  fonnation  of  copper 
oxide  IB  not  confined  to  the  surface,  but  takes  place  equally 
throughout  the  whole  mass.  The  resulting  material  is  not 
copper^  but  an  alloy  of  copper  and  oxide  of  copper,  as  is  shown 
in  the  photograph  (No.  1,  Plate  IL),  at  a  magnification  of  365, 
The  small  globules  dotted  over  the  surface,  which  appear  grey  in 
the  phototrraph,  are  the  oxide  of  copper,* 

The  following  paper  deals  only  with  the  overheating  of  mild 
steel,  that  isj  with  a  change  of  purely  physical  character  un- 
accompanied by  a  chemical  change.  That  the  changes  pro- 
duced in  the  properties  of  such  steel  by  overheating  can  have 
a  most  disastrous  effect  in  practice  does  not  require  to  be 
specially  emphasised,  Mn  Stead,  in  his  paper  above  alluded 
to,  has    furnished  various    examples   of   this,  and    the   author 

*  Further  Inlormntioti  ou  tbit  Bub|edi  will  be  fouod  m  the  eotniiiutii^tioQ!}  to  this 
Eof*!  Teohnical  Tafting  Inttitatioiit  CburlntUiiburft^  for  1900,  p.  315,  under  tbe  title  of 
''  Copiwr  ami  Oiygeti,'*  by  E.  Heyti ;  nud  also  in  •  ptijwr  by  tb«  mtue  author*  *'Sbori 
PoiTiiJiuiaie&tipti»  frotii  tba  AtetimurigicaMUetiillogn&pliic^l  Labomtcir}-  of  the  Ruj»1 
Teebnlcnl  Teititig  Imtitution,  CbHrlattcnburg,"  pmenteil  nt  Budiipest  CopgiYna  of 
111*  IflttfmjitJoiiAJ  iUwiQiutiou  for  Teitiag:  Materials. 
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one  another.      On  the  other   hand  the  inner  or  core  zone,  of 
a  thickness  of  about   1 1    mm ,  differed  considerably  from  the 


sis 


— k 


Cort   Zo/j« 


•^       Sor/act  "Zone 


former.  Hence  arose  the  necessity  of  taking  the  test  pieces  for 
each  of  the  tests  enumerated  above  from  the  surface  zones  and 
the  core  zones  separately.  This,  again,  introduced  another 
condition,  that  all  the  test  pieces  must  be  less  than  5  mm.  in 
thickness.  The  tests  a  to  c  and  the  values  obtained  by  them 
are  co-ordinated  in  Table  I.  below.  It  will  be  observed,  on 
studying  these  tabulated  results,  that  these  tests  afibrd  no 
indication  of  the  degree  of  brittleness,  since  the  values  obtained 
are  in  general  suflBciently  satisfactory  to  ensure  the  acceptance 
of  the  material,  notwithstanding  the  unmistakable  extreme 
brittleness.  The  results  of  test  c  are  somewhat  more  useful, 
but  nevertheless  the  figures  obtained  are  not  of  a  nature  to 
serve  as  a  guide  in  judging  the  brittleness  of  the  plate. 

Table  I. 


Zone  from 
State  of       which  Test 
Material.      Pieces  were 
taken. 


a. 
Tensile  Test. 


Elonga- 
tion at 
Point  of 
Rupture. 


I 


•ry    ) 


Surface  zone 
Core  zone     .  | 


As  deliv-" 
ered 
j  the labo 
ratory 

Annealed)    Surface  zone  '     13 '9 

at        \  , 

760' C.    j    Core  zone    .1    17  1 


h. 

Bending  Test 

with  Plain  Bar 

under  Dead 

Loa<l. 

r. 

Bending  Teii 

with  Notched 

Bar  under 

Dead  Load. 

Ratio  of 
Elastic 
Limit  to 
Yield 
Limit. 

Bend. 

Bending 
Quan- 
tity. 

Angle 

Bend. 

tfli 

Per 
Cent. 

Degrees.!       -  -      Degrees. 

1                 f 

5q«» 

r 

09 

180     1     100 

90 

23 

m 

180          100 

144 

38 

48 

180 

100 

180 

66 

54 

180 

100 

174 

51 

a  =  thicknesfi  of  bending  specimen  :  r= radius  of  bend. 
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and  the  depth  of  notch  was  fixed  in  such  a  manner  that  the  bars 
from  the  most  brittle  portions  of  the  plate — that  is  to  say,  the 
material  in  which  brittleness  was  known  to  exist — were  fractured 
at  once  under  the  first  blow  of  the  hammer,  while  other  lesa 
brittle  bars  were  bent  by  au  equal  force  to  an  angle  of  90^  and 
after  straightening  withstood  bending  a  second  time  with  the 
hammer.  In  Fig*  2  are  given  tlie  measurements  of  the  test  bars 
and  the  notch. 
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It  will  be  observed  that  the  notch  was  V-shaped,  and  had  a 
depth  of  0*5  millimetres.  It  was  cut  on  a  planing  machine,  on 
one  side  of  the  bar  only,  with  a  tool  of  special  form.  The 
manner  in  wbicli  the  impact  bending  test  was  made  is  rendered 
clear  in  Figs.  3  and  4.  The  bar  (see  Fig.  3)  was  gripped  in  a 
vice,  and  a  short  heavy  blow  with  the  hammer  was  then  struck 
at  the  point  indicated  by  the  arrow  on  the  notched  side. 


^-  S^N^^? r^^^^^^^&c^y^^^ 


"^^^§5^^^!f5^^^^ 


f/34. 


If  the  bar  was  not  broken »  the  blows  were  repented  nutil  it 
assumed  the  position  shown  by  the  dotted  line,  that  is,  bent  to 
an    angle   of   90**,     It  was  then  released   and  straightened  by 
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aince  considetable  differences  are  to  be  noted  in  the  behaviour 
of  the  zones,  especially  after  autmaliu^^  atid  in  those  specimens 
from  the  less  brittle  parts*  Added  to  this  citcumstance  is  the 
fact  tliat  within  the  same  zone  the  brittleness  varies  iii  different 
parts  of  the  plate.  It  did  not  therefore  seem  expedient  to  M 
carry  out  experiments  with  the  material  of  the  plate  for  the 
purpose  of  producing  brittleness  artificially  by  means  of  heat 
treatment,  espeoially  as  it  was  not  possible  to  judge  whether  the 
results  would  not  be  influenced  by  the  original  state  of  the  plate. 
A  more  correct  procedure  would  evidently  be  to  begin  experi- 
ineotB  upon  material  as  nearly  homogeneous  as  possible,  whose 
initial  brittleness  was  as  low  as  possible,  and  the  history  of 
which  was  knowu*  In  the  light  of  the  experience  thus  gained, 
the  trials  could  afterwards  be  extended  to  the  brittle  boiler 
piate. 

In  accordance  with  this  reasoning,  a  rolled  bar  of  26  X  26 
millimetred  of  basic  open -hearth  steel  was  selected  for  the  ex- 
periments, the  material  being  very  homogeneous.  Only  in  a 
limited  area  in  the  centre  of  the  section  were  observable  slight 
traces  of  a  core  zone.  For  the  sake  of  convenience  in  the 
following  pages  the  term  S  660  is  used  to  denote  the  material  of 
this  bar.  For  the  tests  about  to  be  described  no  test  specimens 
were  taken  from  the  core  s^ne,  but  only  from  the  thick  surface 
zone,  and  these,  representing  the  condition  of  finished  steel,  after 
repeated  trials  gave  I^  as  the  lending  number*  The  chemical 
composition  of  the  bar  S  660  is  given  below,  and  for  purposes  of 
comparison,  the  analysis  of  the  boiler  plate  is  also  added, 
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From  the  analyses  of  the  plate  and  the  fact  that  the  brittle- 
ness can  be  removed  by  suitable  annealing,  it  is  clear  that  the 
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which  was  wound  a  spiral  coil  of  iiicke!,  this  latter  being  he&tec 
by  ail  electric  current ;  a  gas-furnace  with  forced  draught  wa» 
used  for  heating  some  of  the  apecinieus,  these  beini;  enclosed  in 
a  crucible,  and  covered  well  with  a  highly  refractory  claystonei 
powder.  The  annealing  was  also  partly  conducted  in  a  porcelain 
furnace,  tlie  specimens  in  this  case  being  placed  in  closed 
crucibles,  and  similarly  covered  with  ct  ay  stone  powder.  The 
temperaturea  during  heating  up,  annealing,  and  cooling:,  were 
carefully  measured  Uy  tjieang  of  a  Le  Chatelier  pyrometer ^  of  the 
type  constructed  by  Messrs,  Siemens  &  Halske.  For  every 
experiment  a  diagram  was  plotted,  on  which  the  time  and  tha 
respective  temperatures  were  registered*  These  diagrams  ara, 
reproduced  in  Figs*  6  to  9.  It  would  be  advisable  iu  future 
scientific  works  on  the  treatment  of  metals  to  publish  similar 
diagrams,  since  bj  this  means  a  clear  representation  of  the 
annealing  process  is  obtained.  Such  expressions  as  *'  rapidly 
heated,-'  "  slowly  heated,'*  &c.,  are  an  imperfect  indication  of 
the  operation  with  regard  to  the  sensitiveness  of  the  material 
to  changes  seemingly  insignificant  in  character.  After  anneal- 
ing, the  bendint^  number  corresponding  to  the  particular  treat- 
ment was  determined  by  means  of  the  impact  bending  tesb 
on  notched  bars  of  4  x  6  niiilimetres  in  cross  section  aii( 
60  mm,  long  (compare  Fig.  2)>  The  results  obtained  ar< 
co-ordinated  in  Fig,  5  in  axonometiical  representation.  Oi 
the  one  horiasoutai  axis  is  marked  the  time,  t,  in  hours  o 
the  annealing  period ;  upon  the  other  the  temperature  o 
annealing,  T,  is  marked.  The  vertical  co-ordinate  indicates  tho 
bending  number  B^  The  different  values  of  B^  which  hav< 
reference  to  the  period  of  annealing  and  the  temperature  fore 
an  area  which  may  be  termed  the  bending  number  area,  I: 
Fig,  6  this  area  is  bound  ed,  in  the  first  place,  by  the  beav; 
lines  which  denote  the  change  of  the  bending  number  at  efiua 
temperatures  and  with  varying  periods  of  annealing  (lines 
equal  temperature) ;  and  secondly ,  by  the  heavy  dotted  ItBi 
which  represent  the  change  in  the  bending  number  for  equa 
periods  of  annealing  and  with  varying  temperatures  (Hues 
equal  periods  of  anaealin^^).  The  points  enclosed  in  sm; 
circles,  and  marked  a  to  I  on  the  area,  were  determined  b 
experiment      The    remaining    points    of    the    area    have    beei 
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partly  interpolated  and  partly  have  had  their  position  assigned 
as  the  result  of  reasoning.  Thus  it  is  self  -  evident  that 
if  the  annealing  period  equals  0,  and  the  temperature  is  1100^ 
the  bending  number  must  remain  unchanged,  since  this  is  equi- 
valent to  no  annealing  at  all  of  the  material.  By  following 
this  line  of  reasoning  the  whole  of  the  points  situated  in  the 
area  ^  =  0  can  be  at  once  determined. 

Before  considering  further  the  form  of  the  bending  number 
area,  it  should  be  observed  that  the  points  a  to  Z  repre- 
sent the  result  of  different  series  of  experiments.     The  division 
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of  the  annealing  period  i  into  the  time  spent  in  heating  the 
specimens  from  680°  to  T,  the  time  during  which  the  tem- 
perature T  was  maintained,  and  the  time  necessary  for  cooling 
from  T  to  680°,  may  be  seen  on  examining  the  diagrams  6—9, 
where  the  same  letters  corresponding  to  the  same  series  of 
experiments  are  a^^ain  employed.  In  the  case  of  the  experi- 
ments a  to  ^  it  was  possible,  on  account  of  the  nicety  with 
which  the  temperature  of  the  electric  furnace  could  be  re- 
gulated, to  maintain  within  certain  limits  an  equal  rate  of 
heating  (the  ratio  between  increase  of  temperature  and  increase 
of  time)   and   the   rate  of   cooling    (ratio   between   decrease  of 
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or  cooling  below  680**  would  have  any  particular  influeuce  upon 
the  resulting  value  B„<  The  diagram  No.  5  coti firms  the  cor 
recfcness  of  this  asaumptian.  In  diagrams  Figs.  6— 9,  the  time 
ia  hours  m  measured  on  the  abacissse,  and  the  corresponding 
temperature  ie  measured  on  the  ordiuates.  The  values  found 
from  these  diagrams  for  the  annealini,^  period  t  were  then  used 
in  plotting  diagram  Fig.  5,  In  Fig,  7,  the  series  h  and  i,  it 
should  be  noted  that  the  test  specimens  k  were  placed  from  the 
very  beginning  in  the  porcelain  furnace,  and  together  with  this 
latter  were  gradually  heated  to  about  ISOO"".  At  the  time 
corresponding  to  the  point  B,  the  specimen  whicli  had  been 
enclosed  in  a  crucible  witii  clay  stone  powder  was  taken  out 
from  the  furnace  and  cooled  quickly  in  the  air.  On  the  other 
band^  the  second  group,  i,  of  test  specimens,  after  encloaing  in 
the  cracible  were  placed  in  the  highly  heated  furnace  at  the 
moment  of  time  corresponding  to  point  B,  The  heating  was 
therefore  very  rapid,  the  furnace  being  maintained  for  half^an- 
hour  at  the  high  temperature  of  1200'',  It  was  then  allowed 
to  cool  slowly  in  the  furuace.  The  test  specimens  /  were 
heated  in  a  crucible,  being  packed  io  with  claystone  in  the 
forced-draught  furnace  to  a  temperature  of  1450^  Two  of 
the  bars  were  cooled  rapidly  in  the  air,  while  two  others  were 
cooled  slowly  in  the  furnace-  In  both  cases  the  bending 
number  was  equal,  being  0  to  J,  Two  more  of  the  bars 
were  quenched  in  water  from  HSO"",  with  the  result  that 
I^u^H*  This  result  is  not  noted  oo  diagram  5,  but  will  be 
utilised  later  on.  To  form  an  idea  of  the  trustworthiness  of  the 
impact  bending  tests  on  notched  bars,  the  individual  values 
obtained  for  B^  are  arranged  in  tabular  form  (Table  IIL),  from 
which  it  will  be  seen  that  in  spite  of  the  somewhat  primitive 
mode  of  operating  them^  the  repeated  tests  give  bending  numhers 
in  which  there  b  little  or  no  variation.  It  may  be  assumed,  there^ 
fore,  that  these  are  sufficiently  e^act  for  the  present  purpose, 

Referring  now  to  diagram  Fig,  5,  what  does  this  show  ?  Up  to 
1000*  the  heavy  lines  of  equal  temperature  run  parallel  to  the 
plane  of  the  axes  of  time  and  temperature*  The  annealing 
period  at  this  temperature  can  therefore  extend  over  nine  hours 
without  sensibly  diminishing  the  bending  number  ;  in  other  words, 
without  causing  an  increase  in  the  degree  of  brittleness«     Tha 
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line  rppresentioff  1100%  on  the  other  hand,  alres'lj  declines 
flownwanls  when  the  annealiog  period  has  exceetied  eIx  hours. 
U  the  period  is  e:ctended  to  nine  hotirs^  the  Wndin]^  nnns^^r 
fatia  ffom  3|  to  3.  It  declines  still  more  rapidly  at  1150% 
falling  to  3  at  the  end  of  sijt  hours.  The  curve  for  1200 
giTea  a  valae  of  1|  for  the  bending  number  after  annealing 
for  seven  and  a  half  hours,  and  it  con  tinned  to  faQ  till,  at  the 
end  of  thirteen  and  a  half  hours,  it  readies  0  to  |.  By  this 
meana  a  degree  of  brittleuess  was  produced  in  the  maleiial 
such  that  notched  specimens  gave  way  at  the  first  blow  or 
broke  off  short.  By  this  treatraent,  theUj  a  brittleneBS  was 
produced  similar  to  that  possessed  by  the  boiler  plate  under 
disctission  when  in  its  state  as  delivered  to  the  laboratory.  The 
gtill  longer  annealing  period  at  a  temperature  of  1200'',  say  for 
twenty-aine  hour^,  does  not  increase  tiie  brittleness,  at  least  not  to 
an  extent  that  can  be  determined  hy  the  measurement  employed 
From  this  it  appears  that  at  the  end  of  thirteen  and  a  half  hours 
the  maximum  state  of  brittleness  is  reached.  By  heating  to 
above  1200°  this  result  is  obtained  still  more  rapidly.  Tims  an 
annealing  period  of  a  quarter  of  an  hour  at  1450^  is  sufficient 
to  induce  the  maximum  degree  of  brittleness,  that  is,  to  give  the 
minimum  value  of  0  to  i  for  the  bending  number. 

The  latter  result  can  cause  no  surprise,  for  this  will  be  recog 
nisad  as  an  evident  case  of  o¥erheatin^^  But  that  aunealiug  tem- 
peratures of  1200"^  or  even  1100°  should  be  capable  of  producing 
incipient  characteristics  of  overheating  was  hitherto  unknown, 
and  the  avoidance  of  protracted  annealing  at  temperatures  over 
1100*^  is  obligatory,  if  importance  is  attached  to  the  production 
of  a  material  with  the  lowest  possible  degree  of  brittleness.  In 
annealing  plates  or  wire,  therefore,  these  conditions  must  be 
taken  into  account,  and  the  neglect  of  tliis  precaution  has  doubt- 
less led  to  the  instances  of  overheating  which  are  met  with  in 
practice,  and  have  been  unable  to  be  satisfactorily  accounted  for, 
It  is  not,  of  course,  to  be  supposed  that  from  diagram  Pig,  5 
the  practical  steelmaker  will  be  able  at  once  to  inform  himsell 
of  tho  exact  time  necessary  for  the  annealing  operation,  Thft 
intended  effect  mi^'ht  not  always  be  produced.  It  must  be 
borne  in  mind  that  the  experiments  were  carried  out  witk 
coiuparatively  small  test  specimens  which  required  only  a  very 
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hoyrs,  at  temperatures  between  700'  and  890*  a  dimiDutioii  of 
the  beridirig  number  does  not  occur.  On  the  contrary  tJie  steel 
has  a  hi^dier  bending  uuuiber,  namely  4»  as  compared  to  3^  in 
the  rolled  state, 

Thb  shows  that  the  lowest  degree  of  brittle ness,  that  is,  the 
highest  bending  number,  is  not  attained  in  mild  steel  by  railing, 
but  that  it  can  be  reduced  by  a  further  stnall  amount  by  pro- 
Innged  annealiug  at  the  above- mentioned  temperature.* 

If  a  comparatively  short  annealing  period  at  over  1000" 
reduces  the  bending  number,  and  on  the  other  band  a  very  mnch 
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prolonged  annealing  at  700"  to  890*'  doea  not  cause  any  such 
diminution^  there  must  exist  at  some  point  between  1100''  and 
SSO""  a  temperature  limit  Tl,  above  which  the  bending  number 
decreases  as  the  annealing  period  is  extended,  but  below  which 
even  a  protracted  annealing  is  without  influence.  The  exact 
value  for  Tl  cannot  be  determined  by  means  of  the  present 
experiments,  bnt  it  probably  lies  between  900""  and  1100"  G. 
Fig.  5  refers  only  to  the  material  S  660.     Several  test  pieces 

*  Thia  U  not  in  Moordimee  witli  Mr.  8t«^'i  otiitrviitioiui. 
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Table  V. 


Initial  State  i  No. 

of  Kinil  of  Sabsequeut  Asiiealing.   I         of 

Test  Piece.  .  Test  Bar. 


Bending  No. 
B„. 


Average 
Bii.       j 


t 


.S 


a 
a    . 


SS 


e 

'3 


Not  annealed 


Annealed  for  half-an-hoar  at ) 
600' C "I 


Annealed  for  half-an-hour  at 
700' C 


Anneale<l  for  half-an-hour  at 
800' C 


Annealed    for    five    hours    at 
800'  0 


Annealed  for  half-an-hour  at 
850' C 


Annealed  for  half-an-hour  at 
900' C 


Annealed  for  half-an-hour  at  )  j 
1100"  C S 


I  •  i 

,     Annealed  uninterruptedly  for  I 

six  days  at   tcm{)erature8< 

I  between  700"  and  850'  C.    .  j 


137    i 

3 

138   1 

3 

140   1 

34 

141 

1 

3 

159   1 

3 

161 

3^  to  4 

103 

4 

160   ' 

4i 

164   1 

3 

3 


3? 
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or  by  quenching,  can  be  got  rid  of  by  annealing  for  a  con- 
siderably shorter  time,  and  at  much  lower  temperatures,  than 
that  due  to  overheating.  This  may  be  regarded  as  a  deter- 
mining factor  in  diagnosing  of  overheated  steel. 

The  law  relating  to  the  overheating  of  mild  steel,  which  is 
expressed  in  Fig.  5,  assumes  that  cooling  from  the  temperature 
of  overheating  does  not  take  place  too  suddenly,  in  particular 
tliat  it  is  not  produced  by  quenching.  The  efifect  of  quenching 
subsequent  to  overheating  requires  further  elucidation.  To 
judge  from  the  single  experiment  tried,  the  quenching  of  a  mild 
steel  bar  in  water  after  overheating  produces  a  less  degree  of 
brittleness  than  if  cooling  had  proceeded  slowly.    (See  Table  VI.) 


Table  VI. 


Heating. 


Heated  in 
14^  minutes 
to  1450*  C. 


Cooling. 


No.  of 
Test  Bar. 


Cooled  slowly  in  the    ( 
furnace.  ( 

Cooled  rapidly  in  the    i 
air.  \  I 

Quenched  in  water  at   j  I 

2V  a  \ 


17 
18 

19 
20 

21 
22 


Bending  No. 
Bu. 

Otoi 
Oto{ 

OtoJ 
Oto{ 

i! 

Arerage 
Bn. 


}  Otol 
}  Otol 
f        1| 


In  other  respects  the  rate  of  cooling  appears  to  exercise  no 
particular  influence  upon  the  bending  number,  that  is,  the 
degree  of  brittleness  as  is  shown  in  the  series  /  of  experiments 
in  Tables  III.  and  VI. 

Here  is  an  instance  in  which  quenching  has  produced  a  lesser 
degree  of  brittleness  in  mild  steel  than  a  slower  cooling,  which, 
at  all  events,  may  be  regarded  as  a  noteworthy  occurrence. 

Another  question  then  presents  itself,  namely,  to  what  extent 
the  degree  of  brittleness  is  influenced,  if,  after  overheating,  the 
specimen,  instead  of  being  left  undisturbed  to  cool,  were  forged 
or  rolled.  On  this  point  experience  has  already  taught  some- 
thing. With  each  welding  operation  a  considerable  degree  of 
brittleness  would  be  developed,  were  it  not  that,  in  consequence 
of  the  hammering,  the  efifect  of  the  previous  overheating  was 
neutralised.  An  experiment  on  these  lines  confirmed  the  fact  that 
mild  steel  which  has  been  annealed  sufi&ciently  long  at  a  high 
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hrittleness,  aod  give  the  exceptiotially  high  bending  number  4. 
The  fracture  is  extremely  coarse-grained,  if  care  is  taken  that  a 
considerable  clmnge  of  form  lioes  uot  occur  previous  to  fracture 
by  deeply  notching  fi  tliin  test  bar  on  hoth  sides,  and  break mg 
it  with  n  good  blow.  On  the  other  hand,  mild  steel  that  haa 
been  much  overheated,  and  exhibits  the  highest  degree  of 
bnttleuesB  with  a  bending  number  of  0  to  h^  may  show  a  dull 
fracture  if  the  tliin  bar^  of  4  x  6  mm.  in  cross  section  are  not 
previously  notched,  but  are  broken  gradually  by  bending  back- 
wards and  forwards.  If  one  takes  as  a  standard  method  the 
impact  bending  test  on  notched  bars  of  the  same  dimensions 
given  in  the  earlier  portion  of  this  paper,  a  coarse  grain  will 
result  each  time  if  the  material  is  in  the  most  extreme  state 
of  overlieating.  The  transition  stages,  however,  from  this  to 
a  less  degree  of  overheating  are  not  easily  traceable  in  the 
fracture  of  the  test  specimens.  Coarse  fracture  in  mild  steel 
can  therefore  be  regarded  as  possible  evidence  of  overheating, 
but  is  not  to  be  considered  as  a  decisive  proof. 

Even  with  fractures  produced  by  similar  means  as  by  the 
bending  test  for  determining  the  bending  number  the  degree  of 
brittleness  is  not  proportional  to  the  size  of  the  grain,  at  least 
not  in  the  various  mild  &tee\&  which  the  author  has  up  to  now 
investigated* 

The  fractured  grain  which  is  visible  on  newly  fractured 
surfaces  must  not  by  any  mt^ans,  as  unfortunately  often  occurs, 
be  confounded  with  the  ''  size  of  grain  "  of  the  steel.  If  low- 
carbon  mild  steel  is  polished  and  afterwards  etched^  it  will 
be  observed  on  examination  under  the  microscope  thal^  apart 
from  very  minute  inclusions  of  a  structural  component  con- 
taining carbon  (pearlite),  tiie  material  is  similar  in  structure 
to  marble  built  up  entirely  of  small  crystal  grains  of  iron 
(ferrite).  The  sisse  of  th^se  crystal  grains  of  ferrite,  commonly 
called  the  size  of  the  ferrite  grains,  doubtless  has  a  certain  re- 
lation to  the  type  of  grain  in  fractures ,  but  it  by  no  meaus  forms 
a  standard  by  which  the  latter  can  be  judged.  By  the  employ- 
ment of  a  different  method  of  fracturing  an  entirely  different 
fracture  grain  can  be  produced  m  one  and  tlie  same  mat^rial^ 
thong  I J  the  sise  of  grain  of  the  ferrite  is  the  same.  Quite  apari« 
from  this,  however^  tlia  fracture  grain  in  the   case   of  similar 
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of  the  ferrite  and  pearlite  t^raltis^  and  the  property  of  tenacity  of 
the  respective  steeL      These  all  are  at  fault,  for  the  reason  that! 
thejr  take  no  account  of  the  far  more  important  iiiflueoce  of  the 

first  crystallisation  just   now  describeil      Further  confusion   in] 
the    opinions  regarding    the   influence    of    the   size    of    ferriie] 
grains  on  the  mechanical  properties  of  the  iron  seems  to   have^ 
bad  its  origin  in  the  inadequate  definition  of  the  idea  of  fenit© 
grain.     On   etching  a  polished   section  of  a  apecimen  of  mild  I 
steel  with  a  suitable  etching  medium  (nitric  acid  according  to! 
Stead,  dilute  copper  animoma  chloride  according  to  Heyn)  the  J 
boundaries  of  the  different  grains  usually  become  well-i3efined-I 
With  a  strong  magnification*  say  with  a   linear  maguification 
of  1600,  very  minute  geometrical  figures  may  be  detected  (see 
also  Stead  on  "  Crystalline  Structure  of  Iron  and  Steel "),  which  1 
the  author  terms  etching  figures,  according  to  the  precedent  of  I 
mineralogists,  especially  Baumhauer.*      Since  the  neighbouring  J 
crystal  grains  of  the  ferrite  in  j^eneral  He  in  every  conceivablei 
position  with  res|>ect  to   the  surface  of  the  polished  specimen,] 
and  since  it  is   Icnown    from  the  iuvestigations  of  BaumhanerJ 
that    on    crystallographically    equivalent   surfaces     the    eichingi 
{injures  are  alike  in  regard  to  form  and  position,  but  are  unlikej 
on   crystallographically    dissimilar    surfaces,   hence    there    nmsl 
exist  at  the  places  on  the  polished  surface,  where  the  etching 
figures  suddenly  assume  a  different  position  and  fonu,  a  line  of 
demarcation  (compare  photomicrograph  No.  2,  Plate  XL,  on  whicl 
portions    of    three    i^rains   are    illustmted).      Within    thia   It 
lies  the  ferrite  grain,  and  its  size  is  iudicated  by  the  size  of  the 
enclosed  area.      By  this  means  a  scientifically  exact  definitioE 
of  the  idea  "  ferrite  "rain  "  is  obtained,  and  nlso  of  the  concet 
tiou  *'  size  of  the  ferrite  grain/'     Even  though  iu   many 
tlie  confining  walls  of  the  grain  may  be  distlnguislkcd  in  a  mof€| 
simple  manner,  yet  on  the  other  hand  these  more  simple  me  the 
are  apt  to  lead  to  illusory  results  which  would  be  avoided 
tlie  etching  figures  were  taken  as  a  criterion  in  doubtful  oasearj 
In  general  the  area  of  graiti  surfaces  which  are  in  juxtapoaitioni 
varies,  but  this  is  only  natural j  since  tiie  grains  are  cut  throughj 
at  different  points   by  the  section.     By   taking  a  sufficientlj 
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small  dimensions  be  regarded  aa  characteristic  of  a  low  degree 
of  brittleiiess* 

It  was  stated  by  Mr.  Stead,  tbat  in  the  cases  where  he  was  able  j 
to  determine  the  brittleuesa  in   the   material,  the  ferrite  grains  t 
were    of   considerable    size,    and    that    grains    in   juxtaposition 
approximately  resembled  each  other  in  their  crystallographical 
orientation  with  reference  to  the  plane  of  the  polished  section. 
In    uiild  steel,  which  is  built  up  of  coarse  ferrit*  grainSj  but 
exhibits  no  brittlenesa,  on   tlie  other  band,  the  orientation   of 
crystal  grains  was  said  to  be  hapliazard.     The  author  has  studied 
this  question  more  closely  with  the  aid  of  etching  figures,  which 
display  )>eyond  question  the   orientation  of  the  crystal  grains, 
and  also  with  the  aid  of  the  slip-bands  *  of  Ewing  and  Rosenbain, 
but  has  never  been  able  to  detect  a  diOTereuce  in  the  orientation 
of  the  ferrite  grains,  as  said  to  exist  by  Mr.  Stead*     In  both 
cases,  whether  the  luild  steel  was  brittle  or  not,  the  microscopic 
characteristics  observed  were  the  same^  and  there  was  no  indica- 
tion that  the  orientation  of  the  ferrite  grains  in  juxtaposition  in  1 
brittle  material  was  at  all  similar.      But  the  author  has  certainly] 
noted  a  similar  appearance  of  almost  regular  occurrence  in  thei 
case  of  overheated  copper,  resembling  that  lueutioned  by  Mr»  Stead] 
as  occurring  in  overheated  mild  steeL     It  cannot  be  expected] 
that  in  iron  the  similar  orientation  of  the  ferrite  grains,  even  if| 
it  miglit  have  been  existent  at  the    temperature  of  overheat- 
ing, wouli  not  have  been  disturbed   durirjg  cooling,  especially! 
as    the    conditions    of    cooliog,  as  will    be    shown   further  oaj 
exercise  a  deteruiining  influence  on  the  size  of  the  ferrite  grains,] 
and  as  the  change  of  orientation  most  probably  goes  hand  inj 
hand  with  the  variation  of  their  size. 

For  the  present,  therefore,  the  result  of  the  author*s  experi- 
ments shows  that  there  exists  no  assured  microscopic  character- 
istic by  whicli  the  overheating  of  mild  steel  might  be  detect 
Ferrite  grains  of  coarse  dimensions  may  in  the  most  favourabtol 
case  afford  an   iudicatioo  that  overheating   may  perhaps  havi 

*  A  circumstAn^e  might  be  mentiotied  here  whkfa  reqinre^  a  fuller  iiiveatig»tioii>  Hi 
leeiued  to  the  &Qthor  that  in  niiM  titeel  oT  ii  low  britileueAi  but  with  femfc«  gr^oft  w  I 
itktgo  kize,  the  slip-lmtidn  occurred  onl^  in  iha  e^Be  uf  viuletit  dUti>rt)Oti  JOid  Ibanl 
were  Grookect,  while  m  tbi»  DverbiSAted  niatertiil  they  jipp«iLred  nfter  &  inuob  iMil 
diHlortion  nnd  were  rectiltinssir.  Sitice  tbi»  wide  of  the  qutittioii  was  not  ieiU 
«jBteniiitio*ll]r»  tbii  diBtinction  cno  onlf  be  aiscepted  m  a  HUppodtinti. 
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side  being  struck  until  fracture  occurred.  Every  time  of  bending 
to  90°  and  every  time  of  re-straightening  was  counted  as  one 
bending  operation,  and  the  sum  of  these  until  fracture  took  place 
is  denoted  by  the  sign  B^,  and  is  hereafter  called  the  bending 
capacity. 

Before  making  the  bending  test  the  wires  were  annealed  at 
different  temperatures  and  for  varying  lengtlis  of  time,  and  after 
annealing  all  the  test  pieces  were  quenched  in  water.  The 
relation  between  the  annealing  period,  annealing  temperature, 
and  bending  capacity,  B^,  is  represented  clearly  in  diagram 
Fig.  12,  in  the  same   manner  as  the  results  for   mild  steel  are 
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shown  in  Fig.  5.  From  the  diagram  and  from  the  further 
experiments,  which  need  not  be  given  here  in  detail,  the  follow- 
ing laws  for  copper  were  determined : — 

a.  As  the  result  of  annealing  at  above  500°  C,  the  bending 
capacity  of  the  wire  is  reduced,  the  reduction  being  greater  in 
])roportion  as  the  temperature  is  higher.  A  comparatively  short 
annealing  period  suffices  to  produce  the  effect.  The  difiference 
between  the  highest  and  lowest  bending  capacity  corresponds  to 
the  values  6^=  6f  and  l>c  =  4.  Annealing  at  500°  for  a  short 
period  only  does  not  suffice  to  eliminate  the  eff'ect  of  cold- 
drawing,  which  explains  the  initial  rise  of  the  curve  for  500°  in 
Fig.  12.      After  annealing  for  twenty-six  minutes,  the  maximum 
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Thus  it  will  be  seen  from  Table  VI L  that  from  the  a 
size  of  grain  the  kmd  of  antieallog  to  which  the  material  was 
sabjected  may  with  some  certaitUy  be  conjectured »     The  heiiding 
capacity  does  not  bear  a  simple  ratio  to  the  average  size  of  grniu, 
but  in  general  it  decreases  with  the  growth  of  the  grain. 

It  was  further  observable  that  the  increase  of  average  size  of 
grain  was  accompanied  by  nuiuerous  twin  growths,  and  that  the 
twin  lamellfe  lay  perpt^ndicnlar  to  the  surface  of  the  wire  io  a 
remarkable  number  of  instances.  In  the  cases  where  coarse 
copper  grains  were  formed,  the  impression  often  gained,  on 
examining  these  nntfer  the  microscope,  was  that  the  coarse 
crystals  had  been  formed  from  smaller  crystals  by  a  gradual 
turnio;[  movement  of  the  latter  into  a  similar  crystallographical 
orientation.  It  was  often  difficult  to  determine  the  limits  of  the 
grains  by  means  of  etching  figures,  because  ihey  olten  differed 
only  very  minutely  a^  regards  position  and  form  in  the  case  of 
grains  in  juxtaposition.  This  fact  Is  somewhat  in  accordauca 
with  the  statement  of  Mr.  Stead  regarding  ferrite  grains  in 
brittle  mild  steeL 

The  laws  relating  to  the  overheating  of  copper  contained  in 
paragraphs  a  toe  are  surprising  in  their  simplicity  as  Cfimpared  to 
those  for  mild  steel  given  previously,  Tbe  notable  diiferences  in 
tins  respect  between  the  two  metals  would  beyond  doubt  form 
a  litting  subject  for  further  investigation,  since  they  are  of  a  far- 
reaching  nature.  But  the  cause  of  them  may  be  sought  for  with 
some  degree  of  certainty  in  the  following  facts.  Copper,  after 
solidifying,  cools  down  without  exhibiting  ;tny  noteworthy  pheno- 
mena. Low-carbon  mild  steel,  on  the  other  hand,  shows  below 
the  point  of  solidilication  two  other  transition  points,  one  of 
which  is  about  900''  C,  and  the  other  about  775"  C.  At  the 
first  transition  stage  a  crystallisation  occurs,  but  with  copper  no 
such  point  of  crystallisation  exists.  If  then,  during  the  cooling 
of  low-carbon  mild  steely  crystallisation  takes  place  at  900^,  the 
size  of  the  crystals  produced  (the  ferrite  grain)  must  be  iii- 
liueimed  by  the  rate  at  which  crystallising  proceeds.  For 
4^xample,  if  a  solution  of  alum  is  left  alone  a  long  time  u> 
crystallise,  beautiful  large  crystals  will  grow^  but  if  the  pnxr^si 
is  allowed  to  proceed  rapidly,  a  large  number  of  small  crj'stuls 
will  bo  obtained.     It  is  therefore  only  reasonable  to  expect  thafe 
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was  determined,  that  the  size  of  grain  increases  with  the  period 
of  cooling.  The  absolute  values  are  however  different  for  the 
zones,  being  found  to  depend  in  a  great  degree  on  the  initial 
state  from  which  the  metal  is  annealed.  Thus  the  two  points 
a,  and  a^,  in  Fig.  13,  denote  the  size  of  grain  in  the  surface  and 
core  zones  respectively,  which  was  obtained  when  the  material, 
before  heating  up,  had  already  undergone  one  annealing.  Both 
points  lie  outside  of  the  line  traced  for  the  test  pieces  heated  for 
the  first  time. 

The  law  represented  by  Fig  13  was  found  to  be  confirmed  in 
the  case  of  all  kinds  of  mild  steel.  Even  though  it  may  not  be 
possible  to  foretell  what  will  be  the  absolute  value  of  the  size  of 
the  ferrite  grains  produced  hy  a  definite  cooling  period,  yet  it 
may  be  learnt  from  a  study  of  Fig.  13  in  what  direction  the  in- 
fluence of  cooling  makes  itself  felt.  The  manner  in  which  the 
most  minute  variations  in  the  chemical  composition  can  influence 
the  absolute  value  of  the  size  of  the  grains  obtained  by  definite 
cooling  periods  is  proved,  for  example,  by  the  fact  that  a  Swedish 
mild  steel,  which  Mr.  Briuell  very  kindly  presented  to  the 
Testing  Institution  at  Charlottenburg,  showed  after  heating  for 
half-au-hour  to  1100°,  and  after  cooling  from  that  point  to  680**, 
in  seven  hours  an  average  size  of  grain  of  47,817  /x^  This  ex- 
ceeded by  ten  times  the  value  of  the  grains  obtained  by  the  same 
treatment  in  the  material  of  the  boiler  plate.  For  comparison, 
the  analysis  of  the  Swedish  iron  is  given  below : — 

Per  Cent. 

(Wbon 0-08 

Silicon 0005 

MunganeNt? 0*08 

Phosphorus 0*021 

Sulphur 0*014 

Compare  the  analysis  of  the  boiler  plate  given  on  page  80. 

It  is  worthy  of  mention  that  the  ferrite  grains  in  the  boiler 
plate  in  the  case  of  every  cooling  period  were  equiaxial,  while 
those  in  the  Swedish  specimen  of  mild  steel  appeared  after  seven 
hours'  annealing  to  be  distinctly  elongated. 

Since  there  exists  no  transition  point  in  the  copper  corre- 
sponding to  that  of  iron  at  900°,  the  size  of  grain  will  not  be 
much   affected   by   the   cooling.      The  cooling  of  the  copper  in 
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2.  Prolonged  aiinealiog,  say  ttn interrupted  for  fourteen  days, 
at  temperatures  between  700^  and  890°,  produces  no  increase  in 
the  brittleness*  In  such  cases  where  the  brittleuess  of  the 
material  in  its  initial  state  was  not  yet  at  the  lowest  degree 
possible,  by  this  treatment  the  lowest  de^^^ree  of  brittleness  will 
be  attained, 

3.  Between  1X00°  and  900''  there  exists  a  temperature  limit, 
above  which,  if  aunealing  is  carried  on  for  a  longer  period  and  at 
an  increasing  temperature,  the  def^^ree  of  brittleness  increases. 
Below  this  limit,  however,  this  is  not  the  case, 

4.  Overheating  does  nut  only  occur  at  moat  extreme  white 
heat,  but  manifests  itself  already  at  considerably  lower  tempera- 
tures, which  must  J  however,  exceed  the  temperature  limit  referred 
to  in  (3),  the  decree  being  more  marked  the  longer  the  annealing 
period. 

5.  By  suitable  annealing,  the  brittleness  of  overheated  low- 
carbon  mild  steel  can  be  eliminated.  If  annealing  is  carried 
out  at  above  900''  C*,  a  short  period  of  about  half-au-hour  is 
sufficieutp  Longer  annealing  uiust  be  the  more  carefully  avoided  > 
the  more  the  temperature  limit  referred  to  in  (3)  is  exceeded ^ 
otherwise  the  signs  of  overheating  reappear.  Below  800°  an 
annealing  of  even  five  hours  is  not  sufticieut  to  eliminate  the 
brittleness  in  overheated  low-carbon  mild  steel,  but  by  annealing 
of  several  days'  duration,  at  temperatures  between  TOO""  and  850", 
this  object  can  be  attained. 

6-  If  low -carbon  mild  steel,  which  has  been  annealed  for  a 
lon^^er  period  at  a  high  enough  temperature,  so  that  after  undis* 
turbed  cooling  it  would  show  extreme  brittleness,  is  rolled  or 
forged  during  cooling  to  bright  red-beat,  it  will  e^thibit  no 
brittleness  when  cold, 

7.  The  fracture  of  overheated  low-carbon  mild  steel  generally 
shows  a  coarse  grain,  although  tliis  is  not  necessarily  always 
the  case. 

8.  The  single  crystal  grains  of  which  the  structure  of  the  iron 
is  built  up,  which  can  be  detected  under  the  microscope  by  suit- 
able etching,  are  often  of  considerable  dimensions  when  in  the 
state  of  overh*^atiug*  Nevertheless  this  is  not  to  be  considered 
as  proof  positive  that  overheating  has  taken  place,  since  the 
method  of  coolins;  also  exercises  a  ^rreat  influence  on  the  size  of 
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DISCUSSION. 

Professor  H.  M.  Howe  (Kew  Yark)  thought  lie  could  hardly  do 
more  than  expres^s  his  ihtirough  admiration  of  the  skill  witli 
wliich  Professor  Heju  had  laid  his  researches  before  them*  He 
felt  that,  without  much  further  study  than  he  had  beeu  able 
to  give  to  the  paper,  it  would  not  be  proper  for  him  to  criticise 
iU  He  might,  however,  mention  that  one  of  his  students  (Mr, 
Morse)  had  found  out,  perhaps  more  fully  than  Professor  Heyu's 
language  might  be  thought  to  imply,  that  at  relatively  low  tem- 
peratures the  reheating  should  begin  to  produce  the  effect  which 
a  high  temperature  produced  more  rapidly.  Mr.  Morse  showed 
very  clearly  by  his  micrographs  the  effect  ot  heating  to  a  relatively 
low  temperature,  iirst  for  half-an-iiour,  then  for  an  hour,  and 
then  for  three  hours,  but  he  had  not  carried  on  the  heatiog  for 
the  long  periods  which  Professor  Heyn  had  shown.  But  Mr 
Morse  had  shown  that  the  same  kind  of  effect,  as  far  as  the 
microscope  would  show,  waa  produced  at  lower  temperatures 
(900"  C\)  which  arose,  though  much  more  rapidly,  at  higher 
temperaturcis.  He  was  glad  that  Professor  Heyu  supported  the 
discrimination  which  had  been  already  offered  between  over- 
heating and  burning. 

Mr,  F.  W,  Hahboed  (Coopers  Hill)  said  he  had  read 
the  paper  with  the  very  greatest  interest,  and  endorsed  it  in 
almost  every  particular.  With  reference  to  the  points  where 
Professor  Heyn  disagreed  with  Mr,  Stead,  the  latter's  experiments 
were  all  below  700  ,  and  Professor  Heyn's  were  between  700 
and  890°  C.  Now,  they  knew  how  very  sensitive  steel  was  to  a 
slight  alteration  of  temperature,  and  this  was  quite  sufftcient  to 
account  for  a  difference  in  the  results.  During  the  last  few 
months  some  results  had  been  submitted  to  him  of  steel  treated 
at  lower  temperatures  than  Mr,  Stead's »  aud  they  completely 
confirmed  Mr  Stead*s  results — viz.  that  at  very  low  temperatures 
the  heating  of  the  mild  steel  would  produce  the  brittleness  that 
Mr  Stead  had  found*  He  thought  the  little  difference  there  was 
between  Professor  Heyn  and  &tr.  Stead  was  simply  a  matter  of 
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Mr,  Stead's  sample.     Perhaps  Mr,  Stead  s  samples  were  obtained 

by  some  auch  ilUtreatiuent.  In  this  case  the  samples  could 
no  loDger  be  termed  steel,  though  they  had  been  steeL  How- 
ever, it  seemed  interesting  to  investigate  the  real  causes  of  the 
phenonienoB,  and  it  would  be  a  duty  to  coutinue  experiments 
so  far  until  Mr.  Stead  aziuld  produce  the  phenomenon  at  will* 
Then  it  would  be  shown  whether  tiiis  brittleness  of  Mr.  Stead's 
was  a  danger  for  the  steel  manufacturer,  or  whether  it  could  only 
be  produced  by  extreme  ill-treatment. 

The  second  of  Mr,  Stead's  samples  was  leas  coarse-grained, 
and  showed  remarkable  rectangular  cleavage.  The  author  would 
like  to  know  the  analysis  of  his  sample,  especially  the  percentage 
of  phosphoruSj  which  the  autiior  auspected  was  hi^h.  By  the 
affirmative  sign  with  which  Mr.  Stead  replied  to  his  question, 
the  author  concluded  that  his  suspicion  was  true.  In  this  ca^se 
the  sample  nmst  be  excluded  from  discussion,  since  the  author's 
paper  did  not  deal  with  steels  high  in  phosphorus. 

The  author  fully  agreed  with  Mr.  Stead  as  to  the  terms 
unncalm^  and  reheulmg,  and  was  very  sorry  to  have  used  the 
wrong  word,  owing  to  his  defective  knowledge  of  the  English 
language. 

Though  there  was  a  certain  divergency  in  some  points  between 
Mr,  Stead  and  the  author^  the.  latter  expressed  his  hopes  tliat  he 
would  be  permitted  to  struggle  for  truth  shouiiler  to  shoulder 
with  this  eminent,  practical,  and  learned  man. 

The  President  said  that  the  paper  was  one  of  conspicuous 
importance,  and  it  was  a  matter  for  regret  that  their  other 
engagements  prevented  theui  from  devoting  the  whole  day  to  its 
discussion.     Their  best  thanks  were  due  to  the  author. 

The  meetiug  was  adjourned  until  the  following  day  (Thursday). 

The  President,  in  opening  the  meeting,  said  as  there  were 
several  members  desirous  of  speaking  on  this  paper  who  could 

not  do  so  for  lack  of  time  yesterilay,  lie  proposed  that  thty 
should  give  a  quarter  of  an  hour  for  further  discussion,  and  he 
called  upon  Professor  Tschernoffj  the  distinguished  Hussian 
metallurgist,  to  address  them. 
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Up  for  a  moment  to  900''  and  allowed  to  cool  in  the  air  Thej 
would  see  that  tha  bend  had  now  gone  round  to  180'',  which 
showed  the  wonderful  power  of  this  heat  treatment.  The 
microphotographs  of  these  two  specimens  showed  in  the  one 
case  the  characteristic  structure  of  burnt  steely  and  in  the 
other  case  a  completely  restored  structure.  Mr.  Stead  had 
spoken  on  the  previous  day  of  the  advantage  in  forties  of 
reheating  of  work  to  90  0"",  Their  own  invariable  experience 
was  that  it  was  a  most  excellent  practice,  and  they  had 
theniBelvea  adopted  this  for  several  months  past  in  the  case  of 
important  forcings.  ■ 

The  only  other  thing  was  an  omission,  which  was  that  there 
was  no  mention  made  of  Mr,  Ridsd ale's  work,  and  he  ought 
to  have  been  mentioned,  and  likewise  the  work  of  the  Ameri- 
can investigator,  Morse,  ought  to  have  had  recognition,  and] 
some  credit  given  to  it  in  Professor  Heyn's  paper. 


Mr*  Saniter  (Middleshrough)  said  it  would  he  a  matter  ofl 
convenience  to  readers  of  tlie  Journal  if  the  autlior  would  givej 
references  showing  in  which  numbers  of  the  JmimaL  Mr*  Stead's] 
papers   were  to    be    found.       After    reading    Professor    Heyn's 
interesting  and  able  paper,  he  did  not  see  any  justification  for  J 
his  remark  that  *'  Mr,  Stead  was  led  astray  by  various  and  in- 
surmountable obstacles  when  almost  within  reach  of  his  goal"] 
After  re-reading    Mr,    Stead's    paperSi  it    seemed   to  him  (the 
speaker)  that  while  Professor  Heyn's  work  was  an  amplification, 
useful   and   valuable,   of   the   work   of   Messrs.   Stead,   Ridsdale 
and  others  on  overheating  of  steel,  he  bad  failed  altogether  to 
obtain  the  hrittlenesa  which  Mr.  Stead  obtained  at  a  temperature  I 
of    700°    to    750  ^       Professor    Heyn    made    some   explanation  j 
yesterday  J  that  he  meant  one  hrittleness  aud  Mn  Stead  another] 
brittleness,  but  they  took  it  that  the  steel  that  broke  was  brittle;! 
there  might    be    minor    differences,  but    the    main    point    wafil 
brittleness.        As  was    pointed    out    by    Mr.    Stead    yesterday^ 
Professor  Heyn  had  been  working  at  a  somewhat  higher  lem- 
peratura      He  (the  speaker)  noted,  on  referring  to  Mr*  Stead'ftI 
paper  on  the  subject,  that  while  he  got  an  enlarging  of  the  graiii| 
from  700**  to  75^,  he  also  got  a  certain  amount  of  refining 
800^  which  was  within  the  temperature  worked  fit  by  Professor | 
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to    750'    was    caused   by   the    removal    of   this  carbon.      What  ] 
suggested  this  to  bis  mind  was  Mr.  Stead*s  experiiuenta,  made 
some   jears   at^o,   of   <!ecarl»urismnr    cast   iron   whicli    showed  ^ ' 
columnar  structure.      In  a  fmcturo  of  this  steel  with  a   brittle  i 
surface    they   fouuJ    that   columnar  structure.     With    reference  ] 
to    what    Professor    Heyn    said    about    only    getting    enormous 
crystals   in    furnace  bears,   everybody    knew    that    in    Siemens 
furnace  bottoms  such  crystals  were  always  found,  but  they  were  I 
very  hiL^h  in  carlvoii   and  other  iujpuritieSi  and   not  comparable] 
at  all  with  the  metala  with  which  Mr*  Stead  liad  worked. 

The   President  said  it  was  necessary  now  to  close  the  dis- 
cussion, and  he  would  be  glad  if  Professor  Heyn  would  put  intoj 
writing  anything  be  had  to  say  in  reply. 


COnRESPONDENOE, 

Mr.  T.  Vaugifan  EIugoks  (Birmingham)  subsequently  wrote] 
that  as  a  further  contribution  to  the  peculiarities  of  in^^ot  iroaf 
or  mild  steel  the  author's  paper  was  of  cortsiderable  value,  but  I 
one  could  not  help  noticiut?  the  onnssion  of  any  reference  toj 
Mn  Ridsdale  s  paper  on  ''  TIse  Correct  Treatment  of  SteelJ 
Fruni  ills  (Mr.  T.  Yaughan  Hughes')  experience  and  researches  I 
Mr.  Rids«1alt?*s  p^iper  was  of  great  practical  importance,  for] 
the  simjile  reason  that  bis  results  were  obtained  on  a  hx<^%\ 
working  scale,  and  not  based  on  deductions  from  small  masses  J 
ot  metal,  such  as  Professor  Heyn  had  used  in  his  inves&i«jation&j 
He  would  suggest,  therefore,  that  as  Professor  Heyn  had  at] 
his  command  the  resources  of  the  Charlottenburg  inatitutionj 
experiments  should  be  repeateil  on  larger  masses  of  steel. 

He  (Mr,  Hughes)  had  some  time  ago  a  proldem  to  aitackj 
similar  to  Professor  Heyr/s,  and  he  soon  found  tliat  the  outsid^l 
skin  and  tbe  internal  lay  era  of  the  metal  were  in  a  dtSerentl 
chemico-physical  state,  such  as  described  by  Professor  Heyn  in  htej 
bara  He  was  unable  to  adopt  the  methods  of  planing  and  sal 
on  resorted  to  by  Professor  Heyn,  but  found  that  for  tlie  purpose  j 
of  his  investigation  the  Brinell  number  gave  very  useful  figures, 
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a  material  consisting  of  the  differences  between  pure  iron  and 
the  test  pieces.      He  was  in  agreement  witli  Professor  Heyn  as 
to  the  nse  of  the  expressions  "  rapid  iieating  "  and  "  alow  heating'* 
in   work   of   this   kind.     Everything,  in  his  opinion,  depended 
on  the  time  occupied  in  heating'  and  the  L*xact  manner  in  which 
it  was  done,  otherwise  the  results  were  indefinite  and  misleading, 
lu   tliis  coniiectioD,  he  would  like  to  mk   Professor  Heyn  what ' 
he  meant  when  he  spoke  of  a  "  coinparjitively  short  aniieftling 
period  at  over   100"  C*     With   regard  to  the  ten»perature  of  J 
900''  and  1100'',  no  donbt  PruiVssor  Heyn  would  find  that  steels] 
of  different  makes  required  ditTerent  treatuientj  and  that  every  j 
maker  and   user  of  a  mild  steel  would  he  obliged  to  investigata 
the  best  conditions  and  best  temperature  for  producing  the  best 
result  under  the  conditions  obtaining  in  his  worka    With  regard] 
to  the  size  of  ferrite  grains,  he  (Mr.  Hughes)  did  not  see  that] 
there  was  any   advantage   to   be   i^ained    by   adopting  ni'^thodsj 
other  than   those  described    by   Mr-   Stea^t   anJ    Mr,   Ridsdale, , 
He   would   suggest  tiint  a   luethod  siuuhir  to   that  reco^'nisedl 
amoni^    microscopisis    for    determining    the    avera^Jie    admixture 
of  an  adulterated  siuuple   be  applied,  namely,  tbat  of  taking  a 
given  nuuiber  of  fields  in  a  section^  and  determining  in  each  the 
larj^est  sized  grain   in    the    fields,  tiikiug   the   average  of  themj 
as   tiie  average  size  of  grain.      Of  course,  this  method  did  not 
presume  to  solve  the  difficulty  of  determining  the  largest  grainij 
but  it  did  seem  to  him   that  some  recognised   procedure  should] 
be  adopted  for  the  present,  because  he  had  found   in  his  owttj 
work  tbat  tailing  a  hundred  or  more  fields  in  tlie  saine  zoue  of  ; 
billet  or  bar  he  would  perhaps  come  across  one  grain  which  would! 
be  doable  or  treble  the  size  of  any  others.      Some  fii^ure  shooldj 
therefore  be  given  for  the  grain  size  which  should  bear  sonafi 
relation  to   the  number  of  smaller  grains  existing  in  a  section  J 
Then,  again,  a^  to  the   magnificatiun  for  dett^r mining  the  ^^rain^ 
size,  he  found  200  linear  convenient. 

The  autlior  stated  that  the  bending  number  could  nut  be  I 
appreciably  affected  by  slow  or  rupid  cooling  from  tbe  tempera^ 
ture  of  overheating,  but  liis  results  showed  that  the  BrineUl 
number  was  affected.  With  regard  to  continued  anneaiiog,  a^i 
he  had  suggested  above,  it  was  a  question  of  alteration  in  thej 
composition  or  volume  of  the  eutectics    in    which    the 


120  THE  OVERHEATIX0  OF  MILD  STEEL. 

copper,  which  liad  no  tranaforinatioti  points  between  the  ordinary 
temperature  and  tlie  melting-point,  followed  simple  laws  in  the 
development  of  tlieir  crystalline  ^riiin.  Probably  every  allotropic 
variety  of  iror*  tended  individually  to  follow  tiiese  same  lawa» 
Now  the  ferrite  grain,  as  defined  hy  Professor  Heyn  with  tlie 
aid  of  his  reagent,  double  chloniJe  of  copper  and  ammonium,  was 
the  grain  of  alpha-iron ;  the  grain  which  was  developed  by 
aDQealing  at  high  temperature  was  the  grain  of  gamma-iron 
These  were  two  different  grains,  and  it  appeared  fully  established, 
notably  by  the  experiments  of  the  author  and  by  the  conse- 
quences of  overheating,  that  these  two  kinds  of  grain  exercised 
their  infiiience  upon  the  mechanical  propt-rties  of  the  metal  alter 
nooling.  The  delicate  question  was  to  discover  whether  there 
existed  a  relationship  between  the  structures  of  gamnm-iron  and 
alpha-iron,  and  wJmt  this  relationship  was,  Tliis  question  had 
been  the  subject  of  investigati^jn  by  Mr*  Cartaud  and  by  the 
writer  in  their  researches  upon  the  crystallography  of  iron  by 
etchings  within  the  zone  of  the  stability  of  gamma -iron,  and  by 
the  annealing  of  surfaces  previously  polished.  The  etching  witl 
melted  chloride  of  calcium  formerly  proposed  by  Mr,  Saniter 
had  the  same  object,  Xevenhelesa  the  problem  had  not  been 
defitdtely  solved.  The  difficulty  was  to  distinguish  the  diQerent 
structural  outlines  wlien  developed  upon  the  same  specimen,  and 
to  learn  tlie  nature  of  each,  A  good  method  was  still  wanting 
which  would  permit  to  trace  with  certainty  tho  respective  struc- 
tural outlines  of  alplia-iron  and  of  gam  ma-iron.  Upon  the 
invention  of  some  such  method  the  progress  of  our  tlieoretical 
knowledge  of  the  annealing  of  steel  would  appear  to  depend. 
But  it  was  not  necessary  to  a  wait  this,  in  order  to  solve  expert 
mentally  the  practical  problem  of  annealing^  inspired  by  the 
example  of  Professor  Heyn. 


Mn  C,  H.  RiDSDALE  (Mid<11esi>rough)  wrote:  Professor  Heyn 
had  d^alt  with  a  subject  of  vary  great  importance  and  one  aa 
which  a  good  deal  had  been  already  written  ;  and  as  the  kttowledga 
obtained  was  beginning  to  be  generally  accepted  and  acted  on  by 
practical  men,  in  order  to  avoid  all  confusion  or  a  feeling  of  nn 
certainty  arising,  it  was  highly  desirable  that  no  fresh  communica^ 
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eon  lined  to  any  on©  make  of  steel/'  *  Thus,  even  had  it  been 
practicable  for  the  author  to  attain  a  greater  degree  of  accxtracj 
than  that  already  determined,  he  had,  unlortnnately,  frustrated 
the  very  object  sough t,  by  working  on  only  two  samples  of 
material}  and  selecting  these  not  of  medium  softness  or  purity, 
but  both  near  the  extreme  practicably  obtainable,  and  hence  by 
no  means  representative  of  ordinary  mild  steel ;  as  well  as  by 
siiowinif  no  adjustment  in  the  diagram  constructed  (Fig,  5,  p.  83) 
either  for  varying  composition  or  section. t  Any  laws  frann/d 
on  data  obtained  from  such  narrow  bases  could  only  be  relied 
on  as  correct  for  the  particular  samples  worked  with,  and  would 
thus  be  of  no  value  for  y^eneral  practical  purposes,  and  in  order 
to  supply  data  in  the  terms  of  accuracy  apparently  intended,  a 
separate  diagram  would  be  needed  for  steel  of  each  composition 
and  section  comprised  within  the  ranges  ordinarily  used.  They 
had  seen  from  the  foregoiug  what  limits  of  exactitude  were  prac- 
ticable for  the  avoidance  in  the  first  place  of  wrong  treatment. 
Then,  as  to  the  cure,  which  was  perhaps  at  present  the  outcome 
of  most  practical  importance  to  the  varied  industries,  this,  too, 
as  already  known,  was  about  a^  clear  and  simple  as  tliey  could 
expect,  viz,  that  almost  every  form  of  brittleness,  whether  due 
to  either  type  of  overheating  or  cold  or  blue  heat  working,  could 
be  removeLi,  or  its  absence  ensured  sutticiently  for  practical  pur- 
poses by  very  rapid  beatitig  to  preferably  not  less  than  900°  C.^ 
or  not  more  than  1100"  C,  for  only  a  short  time,  in  many  cases 
only  for  a  miimte  or  two/  He  believed  be  was  the  first  (and 
he  saw  Mr.  Stead  had  called  attention  to  the  fact  in  his  remarks 
at  Diissddorf)  to  show  and  lay  stress  on  this.  He  trusted, 
therefore,  he  mi^bt  be  allowed  to  criticise  the  paper  somewhat 
closely  on  some  points,  all  bis  remarks,  appreciating  it  as  he 
did,  being  offered  in  a  perfectly  courteous  and  friendly  spirit. 

The  paper  led  essentially  to  two  issues.  On  the  one  hand, 
that  in  which  from  results  obtained  the  author  drew  conclusions 
opposed  to  those  resulting  from  former  work  (directed  chiefly 
against  Mr.  Stead),  as  to  at  how  low  temperature  the  growth 
of  grain  commenced,  and  contended  that  prolonged  annealing  at 

*  "PfActical  MioroicQpic  AntdjMU^"  Journal  ti/  ihe  Irtm  mnd  Steel  Imiitwtc,  18d9^ 
No.  11.  jj,  109. 
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Witli  regard  to  the  second  issue^  Professor  Heyn's  work  would 
be  welcomed  aa  a  confirmation,  so  far  as  it  went,  of  already  well- 
know  u  and  published  work  and  conclusions,  since  the  more 
independent  observations  were  made  the  better. 

He  (the  writer)  had  himself  read  a  series  of  papers  before  this 
Institute,  dealing  with  the  effect  of  various  thermal  and  mechanical 
treatment  on  mild  steel,  and  which  in  his  references  he  would 
desiiioate  L,  IL,  and  IlL,  the  lirst  ilhmtmting  these  effects  by 
means  (chiefly  frat^tures  Uy  sudden  shock)  and  terms  employed 
and  appreciated  by  practical  men,  the  second  by  means  (piioto- 
micrographs)  and  terms  generally  designated  as  "  scientific/' 
and  the  thini  entering  witli  more  detail  iuto  the  practical  appli- 
cation to  individual  industries  of  the  principles  up  to  date.  He 
thought,  however,  that  Professor  Heyu  could  not  be  aware  of 
these  or  h«  would  no  doubt  have  referred  to  ihem,  and,  under 
the  circumstances,  it  was  remarkable  how  much  of  the  author's 
paper  consisted  of  matters  which,  from  the  way  they  were  put 
forward,  he  clearly  regarded  as  ori^^inating  with  lumself,  but 
which  in  idea,  and  often  even  in  expression,  iiad  been  previously 
clearly  stated  by  others^  including  himself,  sometimes  indeed 
reading  almost  like  extracts  from  the  above  papers.  So  much 
was  this  80  ihat^  so  far  as  he  could  see,  he  feared  there  was  not 
one  point  or  conclusion  named,  on  wViich  they  were  both  agreed, 
of  which  the  ideas  had  not  been  thoroughly  traversed  and  with 
the  deductions  already  publislied  by  the  writer  himself,  in  some 
cases  the  matter  having  been  carried  confiideraidy  further  than 
in  the  author's  paper.  It  would  take  up  too  much  apace  to 
discuss  fully  every  point,  but  as  it  would  no  doubt  not  only  be 
interesting^  to  the  author  if  (together  with  general  comments) 
he  included  a  few  citations  of  the  nature  referred  to,  but  also, 
which  was  of  more  importance,  emphasised  still  further  the 
reliability  for  practical  use  of  the  data  in  question,  he  would 
do  so,  giving  tiiem  for  the  most  part  from  the  earliest  paper, 
though,  of  course,  they  had  been  reiterated  in  the  later  papers* 
He  might  just  say  that  he  felt  sure  that,  now  his  attention 
was  called  to  it,  Professor  Heyn  wouUl  wisli,  in  the  work  he 
had  stated  his  iutention  of  publishing  shortly,  to  make  due 
acknowledgment,  not  only  of  these,  but  of  other  researches  in 
the  sauie  direction  ^Campions,  &c. 
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As  regarded   the   defiuftions  atid  didtinctlon   made  between] 
overheating  and  burQingj  ami   the  r^isulting  alterations  iu  sLrut- 
ture,  the  author  clearly  referred  to  the  difference  between  heating  I 
to  stich  an  extent — particularly  so  intensely — as  to  result,  at  ] 
least  towards  the  edges,  in  the  carbon  being  all   burni  out,  and  I 
free  oxide  of  iron  being  left  between  some  of  the  grains,  so  that 
toughness  could  not  be  restored  to  that  part  by  reheating ;  as 
compared  witli  the  lesser  degree  of  overheating  where  no  free  | 
oxide  of  iron  was  left  and  toughness  could  be  restored,  i.*\  the 
mass  had  suffered  no  appreciable  chemical  alteration  in  its  ulti- 
mate  composition,  the  change  being  easeutiallj  structnraL 

He  could  hardly  be  understood  to  imply  that  in  pieces  pre- 
viously tough,  in  wliich  overheating  had  induced  distinct  brittle- 
ness,  there  was  no  chemical  change  whatever  in  any  portion^  I 
such  as  a  gradual  diminution  in  the  carbon  in  the  most  over- 
heated parte.  Tiie  writer  had  himself  shown  clearly  the 
distinction  in  character  of  the  two  degrees  of  overheating. 


Hktn. 

P,  74,  '*  The  term  *  to  biim '  o«mveys 
tlie  idea  of  .  .  .a  taking  up  of  oxy- 
gen bj  the  metal.  ,  .  .  The  author 
ac^2ardiiigly  deques  burning  as  a 
chemical  clmnge  in  mutiili?^  e^peeially 
with  reqjcct  to  the  taking  np  of 
oxygen  by  them,  this  ,  ,  ,  of  courstj 
affectini,'  their  physical  properties. 
*  Overheating,'  tm  tht?  otlier  hand,  he 
const d era  to  mean  a[i  inerea.se  of 
brittlenepa  ,  .  .  lnought  abont  by 
heating  under  special  conditions,  hut 
working  no  change  in  chemical  com- 
position" 


RmsoALB. 

♦  L  R  233.  **  With  the  exneption  of  1 
Noa,  9  and  10,  40  to  50  pt;r  cent,  of 
the  oi'igiiial  eaj-hon  has  t^eeri  removed  i 
in  workini^  up,  which  points  strongly 
to  excessive  or  prolonged  overheat'  i 
iag  ,  .  ,"  (overheated  but  not  burnt). 

II.  P.  107*  "NorinaUteel  ,  . 
lieated  ,  .  ,  near  to  welding,'  liut  noi  | 
to  bnrning  .  .  ,  betmme  very  hrittlaj 
,  ,  .  reheating  .  .  .  restoied  tht  \ 
lonL*hneas,  *  ,  .  " 

IIL  P.  128.  Refera  to  the  photo- I 
graphs  illuatiatin^  par.  Ifj.  '*T!ie 
di  tie  rent  stages  oi  tb"  tran^iforiiia^  ] 
tion  from  tough  to  brittle  Hleel.  ,  , 
In  prolonged  or  exceeaivelj  heated  I 
sampdes  the  growth  uf  the  gmins  of  1 
caroonlesfi  band^  the  graduid  jK*uetRi- ! 
tion  of  oxide  cracks  or  loosening  of  J 
the  junctioiuj*"  I 

t  See  also  further  on  references  to  J 
"Boaktug"  as  compared  with  heating { 
to  **  too  high  a  temperature/' 


*  S«e  Dote,  p.  125. 

f  Ben  )i]fo  pp,  t7Q»  171,  Ami  172,  DUcntnion — '^ieiurii  pit  per  au  **  BnltletieAi  produced  1 
in  Soft  Steel  by  Aau«i%liDg  "  ;  '*  Re»torKtti>»  of  Totigbtteu/'  Jmimai  of  ihe  Iron  itmi  j 
SUH  rmmutf,  |S9«1,  Ki>.  II.  pp.  ll»8  And  172. 
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R  88,  "  But  that  AuneAling  tetn- 
pemture^  of    1200'  or    even    llUt>" 

nhould  be  capable  of  protlucmg  in* 
cipient  charact^riisticj*  of  overhentmg 
wa?  ItiLhertu  unknown,  and  the  avoid- 
ance of  prolraeted  anneal  iDp  at  tem- 
jM>ratiirea  over  1 100"*  ia  obligatory  if 
iTiiportJinc^:  ia  attached  to  the  produce 
tion  of  a  material  with  the  lowaul 
pofifiible  degree  of  tirittleneas." 


RrosDALE, 


♦  p.  169. 

Experi' 


"  Stead 


Ridsdale 


Ridfldale 


tuftv 

43     Low  red 
houT&  heat, 
600' to 
700*  a 


kours. 


In^ot 

furnace, 

aaj 

1200' c. 


Ilisutt 
L«ige 

sioiial 
brittle- 


graiiiK, 
tpro- 
Donni^ 
brittle- 


3  to  5  Nearly 
mini?*  welfling, 
1250" to 
1350*  C. 

The  temperatures  and  lengths  of  time  given  by  the  author  to 
which  steel  might  be  subjected  before  producing  brittleuess  were^ 
far  too  hi^h  for  general  use.  On  Diagram,  Fig.  5,  also  p,  86, 
h  and  i,  and  p.  S8,  it  was  shown  that  maximum  brittletiefis  wta 
not  reached  till  thirteen  and  a  lialf  hours  at  1200^  C. ;  on  p,  86, 
that  up  to  1000^  C.  the  annealing  period  could  extend  over  uiua 
hours  without  causing  brittleness,  or,  p,  88,  for  b\x  hours  at 
1100'  C*  J  and  that  even  seven  and  a  half  It  ours  at  1200  0* 
only  reduced  the  bending  nuiuber  to  one  half  that  tor  good 
tough  steel.  This  could  apply  only  to  his  samples,  and  if  steel 
users  were  to  act  regularly  in  practice  on  such  statements  i% 
would  in  many  cases  lead  to  disastrous  results. 

Prom  Diaf^ram  III.,  p,  73  (nL),t  shown  by  the  writer,  it  wis 
clear  that  detrimental  growth  of  grain  occurred  if  soft  steel 
heated  at  all  long  to  its  critical  temperature  (which  was  shown, 
p,  67,  to  be  usually  about  lOOO""  0,)  and  allowed  to  cool  slowly, 

In  referring  to  one  of  Mr,  Strads  papers,  the  author  virtually 
cj noted  the  title  of  one  of  the  writer's  papers — ^viz.  **  Brittleness 
in  Mild  Steel  *'  (the  inverted  commas  were  the  author^a)^  the 
writer's  paper  being  *'  Brittleness  in  Soft  Steel."  The  nearest 
approacli  in  title  of  any  of  Mr.  Steairs  papers  was  **  Brittlenesa 
produced  in  Soft  Steel  by  Annealing."     The  author  rather  made 

•  See  Uote^  p,  V2o, 

t  in.  **  Correct  Ttcfttmetii  of  Sicel,'^  Journal  qf  the  Iron  and  Strd  ImtUute^  pP»  ^ 
and  73. 
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Hkyk. 


"At  800*  an  annealing  period  d! 
five  hoiwa  is  not,  sufficient  to  raise 
the  betid inj»^  number  appreciably/' 

R  9L  With  **  .  *  .six  days  .  ,  . 
between  700'^  and  850'  th«  brittlenessi 
disiippears  entirely.  .  .  .'' 


R  m.  '^It  ig  noteworthy  that  by  a 
abort  annealing  of^  say,  balf-an-botir 
at  1100"  C»,  for  insbince,  a  tempera- 
ture at  which,  after  a  f:drly  long 
aunoaling^  aigufi  of  overhualiiig "  re^ 
appear^  "  the  iBliuenc^  *j(  overheating 
CJiu  l>e  a^ain  rt*moved,'- 1 


But  for  longer  pt^riods  ^Hhe  signs 
of  overhcatitig  nppttar  once  more.  , .  ." 


Rids  DALE. 

(900''  to  050'  U),  both  when  coole 
slowly  and   when  chilled   in   water! 
(PiKa.   m  and   31,   Plate   III),     In  ^ 
both   casee  toughness   was   re^lored, 
aud  they  showed  *^a  decidedly  finer  j 
fracture/' 

The  author  ha^  frequently  met  with  I 
pronounced  tcat<j ration  of  toiighne 
in  ovorhealed  steel  at  tem|>eratures  \ 
between  700^  and  SW  C*  in  §niall 
pieces  in  a  few  minutes,  but  agrees  i 
that  it  is  better  to  beat  to  900"  C.  or  j 
over.  See  111.^  Diagrams  IIL  audi 
IV.,  pp.  73  and  78, 

*  I1I»  On  p.  71,  discuftsingtbevari-*! 
ous  objects  of  annealiug,  it  w  ahownf 
that  this  is  done  whether  it  is  heated  I 
to  a  pretty  high  tempemiure,  fiay  950*  j 
to  KXK)",  or  to  lower  bTUpei-atures,  Od  1 
studying  Diagram  HI,  (same  pige)^  i 
it  will  oe  seen  to  be  clearly  >Tiown  j 
that  the  only  limit  of  tempeialnre  j 
ami  time  i&  where  the  grain  hegimJ 
to  grow  again^  this  beiog  shown,  eVGii| 
after  being  heated  to  beyoiid  criticall 
pointy  viz,  to  about  11 00*  C,  still  to  bel 
smaller  than  Isefore  so  reheating, pro- j 
vided  the  period  U  not  toc»  long;  oiltj 
with  long  periods  too  great  regroii  " 
of  grain  would  occur,  and  he  wonl< 
regard  half-an-hour  as  decidedly  1 
long  at  this  temperature, 

111.    P.  86  shows  how  imnealingjl 
**  if  carried   at  all    to  ejtce^  as  toj 
temperature  or  length  of  time, 
nndo  the  goo<l  of  reheating  by  pr 
nioting  the  growth  of  grain.  ^ 


The  aiitlior  said:  '*  A  distiuclivt!  characteristic  of  the  brittl 
neea  produced  by  t>verheatiiig  is  tlie  difficulty  with  which 
brittlen*?ss   is   removed   by  annealing ;  *'  and   tliat   "  Brittlenc 
produced  by  cold  working  ,  ,  ,   at  blue  heat  ,   .   .  can  be  go 
rid   of   by   aniiealiug    for   a   cousiderably   shorter   time   and  . 
much   lower  temperatures,  ,   .  ,  This  may   be    regarded    a3 
deter m in iug  factor  for  the  diagnose  of  overheated  steel,  .  . 
It  was  quite  true  that  ordiuury  roUiug  hardt*ess  could  usuall 
be  got  rid  of  by  such  comparatively  slight  febeatiJig,  as 
the  hardness  produced  by  working  at  blue  lieat  or  cold»  if 
permanent  cracks  were  present;  see  II,,  p.   128.     Bat  if 

*  S«e  notop  p,  125. 
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Hits. 

With  each  welding  operation  &  eoii- 
Eiderable  degree  of  brittleness  would 
be  developed  were  H  not  that,  in  con- 
sequence of  the  hamriieniig,  the  effect 
of  previous  overheating  was  neutral- 
ised," 


Hence — 

P,  95,  **  If  it  has  been  forged  down 
to  a  bright  red  hent "  it  '*  does  not  ex- 
hibit these  characteriatics." 


P.  95  mentions  a  bar  about  1  inch 
fl<juare  heated  14  minutes  on  smith's 
hearth  at  white  heat.  The  part  foi^ifd 
only  till  briglit  red  hoi,  but  to  about 
one-lifLh  the  ori^nal  gectional  area, 
then  let  i^ool  in  air,  waa  pretty  tough, 
Thi;  part  allowed  to  cool  uudiatiijbud 
waa  brittle* 

P.  95,  *^From  these  expeiiments 
a  re&tdl  of  conaidei-able  ImportaBoe  ia 


EtPSDALIC 

high  temperattire  without  iubaeqneilt 
work   to   destroy    that   effect,"   nme 
aainplea  Hhowu--&ee  Plate  VL,  i.^  il- . 
luiii  I  rating  not  oalj  the  coarser  Btruc-  ] 
ture  prtKUicedj  but  also  the  weakneat  ] 

P,  232,  *\  ,  .  The  les,s  the  work  . 
put  on  ,  .  .  in  order  to  complete  the  1 
Foiling,  the  less  completely  the  (inltlitil] 
coarse)  structure  will  be  destroyed, , 

P.  233,     "  Supposing  a  link  is  being  | 
welded,  some  of  the  adjoining  links 
are  almost  certain  to  be  mised  to  or  J 
near  welding  tempera  ture,  and  ehonld  | 
they  remain  at  this  temperature  for 
a  few  minutes,  as  they  will  oool  with  j 
no  work  ou  them,  work  being  only 
at  tbe  actunl  weld,   we    can    easily 
understand  how,  when  subjected  to  a 
sudden  jerk,  a  ftactute  ,  ,  ,  may  re^j 
sull.'' 

P,  229.  "  From  these  tests  it  will  I 
l>e  seen  that  work  down  to  low  red  j 
eom]detely  iestores  the  tougbnesa  of  I 
the  steel,  ,  ,  ," 

P.  233,  "Britllenefls  ,  .  -  may  be] 
produced  ,  .  .  by  high  initial  tem- 
perature (.diort  of  burning)  with  no  j 
work  below  a  yellow  or  bright  red  - 
heat  .  .  .  whether  cooled  slowly  ori 
rapidly.  ,  .  ." 

K  234.    "  To  avoid  brittleness  . . 
work  should  be  continued  down  to  4 
red  heat.^^ 

He    bad    shown    Uiat    work    wi 
necessary  to  at  lea^t  below  1000'  CX 

*  P.  168.  Footnote,  "  Thia 
firmed  what  the  writer  had  ^id  in] 
bis  paper  ,  ,  ,  as  to  continuing  work  ] 
down  to  red  heat^  but  not  blue  beat,  i 
In  facti  they  wanted  to  keep  between  J 
the  two  extremes,  say  1000°  C.  audi  J 
750^  C,^' 

Amply  demonstrates  this  fact  froioil 
sample  26  a^  L  p.  229,  up  to  sample  ] 
44,  [\  231  ;  describes  many  ban  I 
ovtirheated  and  cooled  fundistnrbedjJ 
both  slowly  and  qniokly  (chilled^ 
which  were  brittle. 


To  some  extent  this  is  so : — 

IIL  P.  55. ''  The  maker  controls  thf  1 


*  Sei  D0t«i  p.  12«. 
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Hetx.  Rn>90ALi.  

if  in  all  cases  the  same  method  m      not  iipedallv  tramed  in  the  Appre^T^ 
employed    and "    provided    ^'  a  eon-      tion  of  btjA  eridettce  as  tlie  micrO' 
fliderable  change  of  form  does  not      seope  fiflbn  I  Ek  ^  ,  .^^ 
occur  prerioui  to  fracture  .  .  ♦  bre^k-  ♦  L  P.  232,  **  As  regards  the  setlial 

ing  it  with  a  good  blow.''  f nurturing  "f  piecee^  ,  ,  .  a  great  deal 

depends  on  the  siiddennesa  of  the 
shock.  ,  «  ,  If  a  trial  piece  once  eow- 
meii€e»  to  bend,  it  then  be<!omei<;  much 
tougher ;  whereas  if  itm  of  euflident 
mam  and  rectlvee  a  sutheiently  Bmatt 
blow,  it  will  fly  with  little  or  no  de- 
flection ''  (examples  shown), 
R  90.  'n^ransitionBta^from  ,  .  .  8  til  I  by  the  writer's  method  thia 

tlie  most  ertreiue  state  of  overheating      was  fciirlj  well  traceable  ;  see  L  PUtea  , 
...   to  a  les^  degree  .  .  .  are  not      XXX.  and  XXX  L 
easily  tra*!ealik  with  te^t  speemiena '' 
(using  the  nicking  test). 

The  author  proceeded  :  "  Coarse  fracture  can  ...  be  regarded  ] 
as  possible  evidence  of  overheating,  but  is  not  to  l>e  considered 
as  decisive  proof."     Thts  might  be  correct  occasionally,  particu- 
larly   with  large  sections  of  very   impure  steel,  but  geDerally 
speaking  it  was  a  strong  suggestion  of  overheating-     The  point,  { 
however,  which  the  previous  remarks  seemed  to  bear  out  waa  i 
that  the  absence  of   coarse   fracture  was  not  decisive   |froof  of  ] 
the  absence   of  overheating.     With  regard   to  the  relationship 
between  the  size  of  grain  as  seen  under  tlie  micruscope  and  the 
fracture  grain,  there  was  no  need  for  the  writer  to  enter  con- 
troversial ground.     Overheating  gave  clear  indications  by  both 
methods  which  broadly  corresponded*      If  tlie  system  which  he  ! 
had  adopted  (IL  pp.  109  and  110),  of  simply  comparing  samples  \ 
with  standards  of  proper  section,  in  normal  and  overheated  state^ , 
was  followadj  there  was  no  difficulty  in  deciding  in  practice  as  to] 
whether  any  sample  was  overheated  or  not.      Besides,  the  degree  I 
of  overheating  that  caused  appreciable  brittleness  did  not  shoi) 
merely  a  5  or  10  per  cent,  increase  in  size  of  grain,  but  more  j 
likely  50  to  300  per  cent,  or  more,  so  it  could  not  easily  be] 
mistaken.     After   his  remarks  as  to  the  fracture  grain   being 
dependent   not  only   upon   the   method   of   producing  fractural 
and   -*  the  manner  in  which  crystallisation   takes   place  during] 
solidification/'   unless   modified  ",  .  .    during  cooling  .  .  ♦  byj 
rolling  or  forging,"  the  author  contended,  with  reference  to  the] 
connection    between   tbe  size   of  the    ferrite  grain  and    degree  I 

•  B«e  iMjt#.  p.  125. 
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depend  in  a  great  degree  on  the  state  " 
(t«tup«i^luTe  or  Hection?)  **friom  which 
the  iiiet^il  is  annealed,  und  the  law 
M'm  U^uud  to  l>e  con  linn ed  in  .  ,  * 
aJl  kinds  of  niild  ^tueh'^ 


RiDSDALE. 

rapid  may  break  grain  up  still  for*^ 
ther."  ^  I 

L  P*  224.  Refers  to  (as  hemg  more] 
su^ceptihle  to  brilllent^si  when  ham* 
meied   at  blue   heat)  **iteel   which,  ^ 
after  it  had  been  at  a  high  tempera- 
ture, has  had  very   Utile  work   put 
upon  it  and  has  then  c^x^led  slowly^ 
thus  giving  time  for  the  formation  of 
crystal  line  cleava-e  planes.  .  *  *  The 
higher  the  initial  temperature,  or  the 
longer  the   time   exposed    to  it,  the  j 
more  so,  whilst  steel  that  has  had  a] 
low^r    initial    temperaiure   or  more] 
work,  i.s.  has  been  worked  nearer  to  J 
dull  rt*d^  or  hajs  cooled  very  rapidly,! 
is  less  siJieceptilile,"  [ 

P*  2^6.  "  Heating  for  a  short  time  | 
at  an  excessive  temperature,  or  ioak* 
ing  for  a  loitg  time  at  noimal  tern*] 
peratures,  .  ,  .  followed  by  very  J 
Blow  coi>ling,  plays  a  muth  morel 
important  part  iu  the  production  of  j 
Buch  ^*  (brittk)  "structures  than  ia| 
yet  generally  recogniaed," 


In  the  summary,  as  would  he  seeu  from  tiie  foregoing  extractej 
and  BM  had  been  previously  stated,  there  was  no  detluction  which  I 
could  be  accepteti  as  correct  for  general  purposes  which  was  new,! 

It  wa3  a  pity  tiie  author  had  not,  iu  speakitig  of  brittleneaSjL 
discriminated  between  "  weakness,**  t.e.  brittleness  to  snddefil 
shock  not  accoijipaiiied  by  hardness,  and  brittleness  as  ordinarily  I 
understooJ  (aecompanied  by  hardness)  j  the  writer  had  done  tliiB] 
constantly,* 

In  conclusion,  he  thonrrht  that  tbe  j^riving  of  actual  quotations 
from  the  antlior's  and   his  own  papers  would  show  in  a  more  J 
striking  manner  the  corroboration   of   the   important  poots  ii: 
question  than  a  mere  statement  of  agreement,  and  thereby  would 
secure  ibeir  acceptance  in  quarters  where  this  had   not  hither 
been  done. 


•  1.  P*  220.  **  St^-uAUed  HritlleneBft  in  acift  Hleel  ii  of  coame  quit©  iliitinet  from  thtll 
hiitb^carbtnii uteel/'  ,  .  ,  (Iu)  .  .  ^  '*  the  brittletietH  refetrt^d  to  .  «  .  *ii£h  tteel  it  ) 
80fliiii<:1  tnalleitble  *  ,  *  ftod  ii  iiiiiftlj  weak  owiug  tu  wnai  uf  ititiirgmnulur  or  inli 
try  A|  A I  Ii  n  *i  o<  *b*'  »tor*/' 

I.    Pp.  2A(\  231.  GunacfcU  eo^Aenau  of  ilractttra  iind  waakaesit. 
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might  be  produced  by  long  heating  at  a  little  lower  temperature- 
la  that  waj,  he  and  tlie  author  were  quite  at  one.  He  should 
like  to  refer  Professor  Heyn  to  several  papers  which  had 
appeared  before  that  Institute,  read  by  Mr.  C.  H,  Ridsdale 
of  Middlesbrough,  who  bafl  really  very  thoroughly  studied  the 
suhject  of  brittleness  produced  by  strongly  heating  soft  steel 
Mr-  Arthur  Cooper  had  given  that  gentleman  every  encourage- 
ment to  follow  up  those  researches,  and  his  papers  contained 
very  interesting  matter  bearing  upon  this  problem*  Mr,  Bidsdala 
intended  to  communicate  bis  views  in  writing. 

The  next  point  he  would  like  to  eirplain  wag  how  it  was 
that  Prfvfessor  Heyn  ob tamed  no  brittleness  by  auuealing  at 
about  700*^  Cp  If  they  looked  at  liis  (Mr.  Stead's)  paper,  they 
would  find  that  he  got  this  crystallised  structure  at  a  lower 
temperature  (between  600 ""  and  700'')  than  Professor  Heyn  had 
employed,  which  was  above  ^On*",  His  own  results  were 
obtained  generally  on  a  large  practical  scale.  Large  numbeiB 
of  the  bars  and  sheets  were  placed  in  a  close  annealinj^  furr»ace 
such  as  was  used  regularly  in  the  annealing  of  sheets  and  plates. 
He  had  before  him  a  sample  proving  most  conclusively  that 
what  he  had  said  was  correct.  It  coTisi?ited  of  a  steel  sheet 
which  had  never  been  heated  to  a  higher  degree  than  about 
700'',  and  yet  it  was  as  brittle  aa  cast  iron.  He  had  there  alfio 
a  plate  similar  to  tliat  which  Professor  Heyn  had  been  investigat- 
ing, which  had  got  a  most  extraordinarily  coarse  crystalline 
structure  on  the  outside.  This  plate  was  brittle  and  had  been 
close  annealed  in  a  furnace  at  about  700**  for  about  forty  weight 
hours*  The  centre  part  of  the  plate  had  a  very  fine  grain 
structure  and  was  exceedingly  tough.  The  outside,  where  it 
came  in  contact  with  oxidising  influences,  was  an  exceedingly 
brittle  coarse  structure.  On  attempting  to  bend  itj  the  large 
CTj'Stala  broke  through  their  cleavage  planes,  and  fracturej  once 
started,  traversed  through  the  bar  when  subjected  to  percussive 
shock. 

He  had  had  a  bar  presented  to  him  by  Mr,  Byron,  Chemist 
to  the  Wigan  Coal  and  Iron  Company.  It  was  a  section  of  a 
two-inch  tie- bar  of  au  open-heartli  furnace*  It  had  probably 
been  red  hot  for  about  two  and  a  half  years^  and  during  that 
time  it  had  developed  a  most  extraordinary  brittleness,  and  a 


140  THE  OVIBHIATING  OF  MILD  STEEL. 

suggest  that  in  future  in  every  forge  and  blackamith'a  shop,  after 
forging  the  material,  it  should  be  retarned  to  a  furDace  and  heate<i 
to  900*"  C«  in  as  short  a  time  as  possible*  It  should  not  be 
cooled  in  the  furnace,  but  be  with  draw  a  and  allowed  to  cool 
in  the  air.  Many  of  the  fractures  he  had  come  across  in  steel 
and  iron  would  not  have  occurred  had  the  material  been  subjected 
to  that  simple  treatment.  It  was  not  necessary  to  put  it  into  an 
annealing  fnrnace  and  then  heat  up  and  cool  down  slowly,  which 
was  a  barbarous  system,  suitable  perhaps  for  castings,  but  rarely 
for  forgings,  unless  the  material  was  naturally  much  harder  than 
was  required. 

Several  of  his  friends  were  going  to  work  between  this  time 
and  the  May  meeting  to  put  thoroughly  to  further  experimental 
test  the  value  of  proper  heat  treatment. 

Mr*  Westgarth  of  Middlesbrough  had  arranged  to  subject  por- 
tions of  large  forgings  to  special  experiment,  and  was  not  only 
going  to  test  them  in  every  possible  way  by  the  usual  methods, 
but  subject  them  to  vibratory  strains  and  stresses,  and  he  alaor 
intended  to  correlate  tht;  heat  treatment  structure  and  every 
mecbanical  property*  Mr.  Harbord  was  also  following  up  a 
research  of  a  similar  kind,  and  Mr,  Lauge  was  also  inspired  with 
a  similar  feeling  and  was  quite  convinced  that  a  research  of  that 
kind  should  be  done  particularly  on  large  masses. 

He  liad  some  time  previously  made  experiments  upon  over 
heating  both  mild  and  other  steels,  and  had  found  that  unless 
disintegration  had  actually  occurred,  re -heating  invariably  re- 
stored the  good  qualities.  He  was  satisfied  that  if  steel  were 
subjected  to  proper  heat  treatment  one  should  hear  less  frequently 
of  mysterious  atid  unficconn  table  fractures.  It  was  to  be  hoped' 
that  in  future  such  simple  precautions  above  referred  to  woulj 
be  taken. 

In  conclusion,  he  must  acknowledge  with  gratitude  the  work 
of  Professor  Heyn»  It  contained  imich  useful  matter  and  was 
a  most  valuable  contribution  to  the  science  of  metallography. 

Professor  Heyn,  in  reply,  regretted  that  he  was  not  able  ta 
furnish  the  details  requested  by  Mr*  Lau*:e  relating  to  the  mantt 
facture  and  previtjus  treatment  of  the  boiler  plate.  Mr.  Langli( 
had  found  from  his  experiments  that  bending  tests  were  a  snilablfi 
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layer  had  p€;rha|»s  become  brittle,  and  chat  the  effect  of  this  had  i 
Weo  Deutralised  m  eonsequetice  of  noteluog.     In  reply  he  would 
say  that  all  his  experiments  bad  been  regularly  controUt^d  by  thej 
use   of  the  niicroacope,   in   order  to   make  quite   sure   that   no] 
aubsidiary  occurrences  could  inBuence  the  results  owing  to  any  I 
vanatiou  in  the  structure  at  different  parts  of  the  cross^sectioiii 
In  the  case  under  consideration,  it  had  occurred  that  the  surface  j 
metal  J  aunealed  for  days  together  at  the  above  temperature,  had  I 
beootoe  roughened  owing  to  the  formation  of  scale,     Tlie  rough- j 
neases  were  of  such  a  nature  that  they  Might  in  any  case  havej 
produced  an  effect  similur  to  notching^     The  surface  was  there-] 
fore  plaued  ofiT  until  smooth  bars  with  no  surface  Saws  werej 
obtained*      But  before  doing  this  the  precaution  had  not  been  j 
neglected  of  determining  that  in  the  thin  layer  thus  removed 
no  difference   in   structure  was  observable,  as  compared   with 
that  of  the  bending  bars.     The  manner  In  which  the  bendiDgj 
specimens  were  cut  wa&  shown  in  the  accompanying  sketch : — 

r"".".]  =The  outer  rough  turf  ace  which  wni  remofedl 

^^1  ^Maleruil  remu^ed  by  pl&iiinx  or  filing. 

[   ^    ]    ^Beadiiig  bftn* 

S       =Irfingitudinal  polished  B««tioti  for  ©i 
ticiti  of  the  itracture. 

The  notch  in  the  bars  on  the  left  side  of  the  figure  was 
on  the  side  njarked  q  ;  that  in  the  bars  on  the  right  on  tht;  side 
marked  u,     lb  was  true,  however,  timt  the  objection  raised  bj 
Mn  Suuiter  touched  the  weak  point  of  bending  tests  with  notched] 
specimens ;  but  provided  the  inicro-strncture  of  the  material  in  I 
the  surface  layer  was  proved  by  the  aid  of  the  microscope  to  bel 
unchanged,  this  objection  could  hardly  be  sustained*     Mn  Saniterl 
asked  why  overheated  steel,  when  reheated  for  a  short  time  toj 
900^  should  lose  its  brittleness,  whereas  an  overheated  steel  itiJ 
cooling  to  QOO"  reniained  brittlct     The  sohitiou  to  this  question] 
demanded  further  experimenting  and  he  preferred  for  the  presenl 
to  leave  il  unanswered.     It  was  not  impossible  that  a  process  of 
cooling  conducted  in  a  suitable  manner  might  also  counteract 
the  brittleness. 


''  HsI  M 
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actual  or  only  apparent  agreement  with  his  own  experimentSt 
and  these  were  used  Uj  lorm  the  subject  of  a  **  discussion  "  of 
considerable  length ;  tliat  was,  they  were  contrasted  with  his 
(Mr,  Ridsd ale's)  own  puhlish«d  opinions.  Tiie  object  of  this 
contrast  he  (Professor  Heyii)  iiad  not  been  able  to  gra^p.  The 
aecond  group  of  the  autbor^s  ex  j^cri  mental  results,  which  were 
either  opposed  to  Mr.  Hidsdaie^s  views  or  were  new,  were  brit^fly 
characterised  as  "not  correct/*  ("There  was  no  deduction  which 
could  be  accepted  as  correct  for  general  purposes  which  was 
new,**  were  Mr.  Ridad ale's  own  words,)  As  characteristic  of  the 
infallibility  of  Mr,  Ridsdale  in  thus  lightly  passing  over  the  results 
of  many  years'  careful  research,  he  would  only  pick  out  the 
following  sentence :  "  With  rt-gard  to  the  relationship  between 
the  size  of  grain  as  seen  under  the  microscope  and  the  fracture 
grain,  there  was  no  need  for  the  writer  (Mr.  Kidsdale)  to  enter 
controversial  ground.  Overheating  ^zave  clear  indication  by  both 
methods  which  broadly  corresponded/*  Occasionally  the  pecu- 
liarity of  the  method  pursued  by  Mr.  Ridsdale  seemed  to  dawn 
upon  liim,  since  he  felt  it  incumbent  on  him  to  emphasise 
that  "all  his  remarks  were  ottered  in  a  perfectly  courleoua  and 
friendly  spirit."  But  in  view  of  Mr.  Ridsdale's  curious  con- 
ception of  the  coiTeet  mode  of  applying  scientilic  criticism,  it 
appeared  to  the  author  that  nothing  was  to  be  gained  by  deal' 
ing  further  with  his  contribution  to  the  discussion. 

The  claim  of  priority,  put  forward  by  Mr,  Ridsdale  to  certain 
of  the  statements  contained  in  the  author's  paper,  was  digposed 
of  in  the  simplest  way  by  saying  that  all  right  of  priority  in 
these  matters  belonged  iucontestably  to  Professor  Tachernoffj  of 
St.  Petersburg,  who  as  far  back  as  1868  had  dealt  with  the 
primary  phenomena  of  overheated  steel  in  a  far-seeing  manner. 
It  was  with  great  pleasure  that  he  was  able  to  bear  testimony  to 
the  excellent  work  of  Professor  Tschernoff,  and  he  only  regretted 
that  he  had  not  been  previously  acquainted  with  the  contents  of 
his  article  published  in  1876  under  the  title  of  "The  Structure 
of  Steel.  Remarks  on  the  Manufacture  of  Steel  and  the  Mode 
of  Working  it"  *  His  (Professor  Heyn*s)  work  nii^jht  be  regarded 
as  a  continuation  and  extension  of  the  laws  then  observed,  and 
he  was  pleased  that  the  groundwork  laid  down   by  Tschernoff, 

*  Engineerii^ft  voL  mi  1876,  p.  H. 
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:^^  THE  COMPRESSION  OF  STEEL  BY  WIK 
DRAWING  DURING  SOLIDIFICATION  I 
THE  INGOr  MOULD. 

SECTION    L 

The  Necessity  fok  Compkicssion  within  the  Ingot  Mould 
AVOID  THE  Effects  due  to  Free  Shri^'Kack* 

The  fuEctiou  of  the  engineer  being  tu  aspire  to  perfectitm  in 
that  be  undertakes,  the  steelmaker  ought  not  to  slacken  in  ! 
efforts  to  iearn  and  to  obviate  all  defects  which  are  met 
continyaliy  during  the  process  of  manufacture  of  the  metal  uu 
the  moment  when  the  ti Dished  product  is  obtained  ready  for 

During  these  periods  of  the  further  process  of  niamifactiu 
that  is,  during  the  first  part  of  the  life  of  the  materkl.  the  mel 
undergoes  three  great  succesaive  transition  stages  which  call 
the  most  minute  care  on  tlie  part  of  tliose  who  have  to  conduct  i 
operations,  Tlie  first  is  the  production  oi  the  liquid  metal  with  i 
desired  ohetnical  composition  withont  admixture  of  slag,  witli* 
gases  in  solution ,  and  witliout  internal  oxidations.  It  is  witliin  i 
furnace  that  the  steelmaker  perfects  this  first  stage  of  the  prooa 

The  second  is  the  transition  from  the  liquid  state  to  the 
state  within  the  ingot  mould,  this  i^eing  a  crisis  attended 
many  risks,  since  the  metal  is  apt  to  contract  defects  which 
appear  impossible  of  remedy.     It  is  to  this  period  of  the  t 
of  the  metal  that  it  is  now  desired  to  draw  attentioD. 

The  third  operation  is  the  conversion  of  the  raw  solid  mater 
into  the  finished  prtjdnct.  This  last  transition  is  less  delia 
than  the  two  preceding  ones,  but  nevertheless  special  cai^  a 
treatment  are  requisite  in  oriler  to  attain  the  best  physw 
constitution  in  each  case.  But  the  latter  question  may 
dismissed  for  the  moment,  since  it  is  proposed  at  present 
limit  the  discnssion  to  the  phenomena  which  accompany  t 
solidification  of  the  metal  and  to  the  study  of  the  precautip 
necessary  to  prevent  tliese  from  becoming  injurious* 
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tha  behaviour  of  the  metal  must  be  considered,  if  allowed 
cool  undisturbed. 

(1)  Coniradmi. — The  form  of  the  solid  shell  is  deteruuneil 
from  the  time  of  the  formation  of  the  outer  crust  as  regards  it 
external  dimensions.  The  greater  part  of  the  contraction 
already  taken  place,  but  there  still  reraaius  the  internal  liquid 
mass,  of  which  the  volume  is  greatly  modified  by  shrinkage 
Little  by  little,  during  cooling,  tliis  liquid  mass  becomes  ploatiis 
and  attaches  itself  progressively  to  the  6r8t  shell,  adding  to 


—  Liquid  StceL 


Solid  at«eL 


Ffo,  1. 

thickness.      It»  the  interior  is  left  a  hollow  corresponding  to 
volnme  of  the  shrinkage. 

The  cold  ingot,  wiien  divided  through  its  vertical  axis  (s 
Fig.  Iff.),  exposes  to  view  a  large  cavity  in  the  upper  part  dv 
to  the  flow  of  metal,  which,  as  long  as  it  is  liquid,  continues ' 
descend  by  its  own  weight  to  fill  up  the  hollows  left  in 
lower  part  due  to  shrinkage.  Besides  this  a  hollow  space 
formed  in  the  centre  itself  after  sol idifi cation ^  on  account  of 
failure  of  the  supply  of  liquid  metal  to  fill  the  new  cavitie 
This  defect  in  the  metal  extends  along  the  axis,  visible  to  i 
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mould.  For  convenietiee  it  may  be  assumed  that  this  amoun 
exactly  to  one  metre ;  secondly,  some  monienta  after  casting,  tb< 
external  shell  of  the  iii<:ot  has  already  shrunk,  being  cooled  bj 
contact  with  the  iogot  mould,  and  inmiediatL^ly  assumes  the  forni 
and  external  dimemioiis  which  will  be  preserved  up  to  thi 
moment  of  stripping,  Then^  supposing  that  20  millimetres  pel 
metre  is  the  total  shrinkage  of  the  steel  in  passiuL^  from  the  liquid 
to  the  solid  and  cold  state,  and  that  the  mean  temperature  at  tb 
moment  of  stripping  is  700  ,  tbe  shrinkage  may  he  divided  into 
two  stages  ;  that  whicli  takes  place  during  the  first  pliase  of  cool 
in^  from  the  liquid  state  to  700°,  gay  13  millimetres  per  metre| 
and  that  which  occurs  during  the  second  phase  from  700''  to  thi 
temperature  of  the  atmosphere,  say  7  millimetres  per  metre. 

A  B 


^2       ^1  ^1       ^ 

Some  moments  after  casting,  therafore,  the  points  A  and  I; 
have  separated  from  contact  with  the  walls  of  the  mould  an 
have  approached  each  other  by  the  corresponding  amount  of 
shrinkage,  say  13  millimetres,  and  the  bar  A  B,  which  w 
originally  one  metre  in  leogtli,  is  reduced  to  the  length  A^  B^  th 
length  being  now  A  B  less  13  millimetres.  This  bar  A^  B^  will 
now  prL-serve  its  length  without  further  alteration  utitil  the 
moment  of  stripping  at  7 CO**,  since  the  points  A^  B^  are  dL-finitely 
fixed,  in  the  same  manner  as  all  other  points  in  tlie  shell  of  tha 
ingot  in  question.  How  then  will  the  still  liquid  mass  of  metal 
between  points  A^  and  Bj  behave  in  satisfying  the  conditions  oi 
the  inevitable  law  of  contraction  until  the  uioment  of  stripping  t 
The  metal  contained  between  these  points  solidifies  progressively, 
proceeding  from  either  extremity.  The  contraction  up  to  150 0^ 
the  point  of  solidiH cation p  and  the  hollows  which  result  are  at  first 
compensateii  for  by  the  descent  of  tlie  liquid  metal  from  the  upper 
layers,  so  long  as  the  state  of  fluidity  is  such  as  to  permit  this, 
But  as  soon  as  the  centre  reaches  the  temperature  of  1500",  the 
solid iticaiion  becomes  complete.  The  upper  layers  of  liquid  can 
no  longer  provide  a  supply,  and  the  bar  is  subjected  to  tba 
influence  of  contraction  without  the  possibility  of  the  cavities 
being    filled    up.       Hence    arises    the   necessity    to    assist  the 
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cantraciion  in  sUel  left  undisturbed  in  the  mould  is  productive 
of  two  kinds  of  serious  defects :  firstly,  of  pipe,  cavities  or 
porosities  about  the  centre,  while  the  metal  is  still  liquid  or  io 
a  pkstic  couditiou ;  and  seeoodly,  stresses,  cracks,  fissures,  and 
even  porosities  throughout  the  whole  mass  which,  nevertheleas, 
t^)  the  naked  eye  appears  compact  and  perfectly  sound. 

Crt/daUimtw7i. — The  steel  in  solidifying  crystallises  in  the 
form  of  an  interlacing  dendritic  structure  upon  the  internal 
surface  of  the  pipe,  in  re,£TLilar  needles  on  the  external  surface  of 
the  ingot,  or  in  polyhedric  grains  within  the  central  mass.  These 
crystals  have  little  cohesion  between  themselves,  and  when 
stresses  due  to  contractiotj  within  the  metal  are  set  up,  these 
meet  with  but  low  resistance  and  cracking  occurs  easily.  The 
polyhedric  crystals  often  form  groups  divided  by  planes  ana- 
logous to  cleava^ie  planes^  and  the  fracture  of  a  lai^e  in^ot 
exhibits  facets  which  resemble  those  of  spiegeh  These 
constitute  the  weak  points,  which  require  subsequently  to  be 
strengthened  by  a  forgin^^  process  in  order  to  obtain  the 
necessary  toughness  in  the  finished  product*  This  crystallisa- 
tion of  the  steel  is  promoted  by  any  step  taken  to  delay  the 
aolidification,  such  as  lining  the  upper  part  of  the  njould  with 
refractory  material,  and  also  by  the  contraction  of  the  ingot, 
which,  when  left  to  itself,  separates  from  the  cold  walls  of  the, 
mould,  • 

Liqiiutions — The  metalloids  which  enter  into  the  composition 
of  the  steel  have  a  tendency  to  separate  from  the  iron  by. 
liquation.  The  carbon  is  the  most  mohile,  being  attracted  iu' 
turn  towards  the  more  fluid  parts,  finally  concentrating  i: 
those  wliere  solidification  last  takes  place  ;  that  is,  in  the  head 
of  the  ingot  when  left  to  cool  undisturbed,  and  particularly  if  the 
soliditication  is  delayed  by  the  use  of  a  refractory-lined  mould 

Attempts  have  been  made^  when  leavim^r  the  ingot  to  cool  by 
itself,  to  prevent  the  formation  of  pipe  by  placing  on  the  top 
the  in*:ot  a  cover  of  refractory  material  intended  to  preserve  tba 
heat  and  keep  tbe  steel  liquid  for  a  longer  time  in  the  up] 
part  of  the  inj^ot,  which  serves  as  a  reservoir  to  supply  the  lowi 
part.  All  that  is  gained  by  this  is,  not  the  avoidance  of  pipeg 
which  is  proportionate  to  the  slirinkage  of  the  steel,  the  volunj< 
of  the  cavity  remaining  the  same  iu  any  casej  but  the  raising  o 
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They  can,  moreover,  be  avoided  by 


* 


bu table  to  the  ingot  mould 
bottom^aating. 

(2)  SteUic  Compression. — Before  the  introduction  of  compress- 
ing steel  by  wire-drawing,  several  attempts  were  made  to  compress 
the  metal  withia  the  mould,  but  all  depended  in  princii>le  on 
applying  a  static  pressure  on  the  top  of  the  ingot,  instead  of 
brioging  it  to  bear,  as  in  Uie  wire-drawing  method,  upon  the 
bottoiu,  which,  l>eing  of  a  dynamic  kind,  performs  effective  work- 
Compression  with  a  static  pressure  acting  on  the  top  of  the  ingot 
is  the  principle  involved  in  the  Whit  worth  process. 

In  spite  of  the  great  force  of  tlie  pressure  applied  in  the  latter 
process,  the  effect  of  it  extends  only  to  the  exterior  of  the  ingot, 
which  in  cooling  rapidly  forms  a  crtist  with  the  rigidity  of  a 
column,  and  thus  arrests  the  force  applied  and  protects  the  whole 
of  the  central  part  against  this  pressure  from  above.  The  ingot 
is,  moreover,  depressed  in  the  centre,  and  though  the  pipe  has  not 
exactly  the  form  which  it  would  have  had  if  left  to  cool  freely, 
yet  it  still  affects  the  centre  throughout  a  great  part  of  its  height 
The  method  may  answer  for  hollow  pieces  which  have  a  raised 
centre,  but  is  ineffective  for  solid  bodies  such  as  armour  plates. 

The  central  mass  of  the  ingot  being  moreover  relieved  from 
compression,  as  is  proved  by  the  presence  of  cavities  in 
the  centre^  the  fluid  steel  is  left  to  itseK  and  in  consequence 
becomes  affected  by  the  injurious  influence  of  liquation  and 
coarse  crystallisation.  The  effect  of  tliis  compression  therefore 
accentuates  rather  than  alleviates  the  strains,  crack Sj  and  in- 
ternal fissures  which  are  observable  in  steel  left  to  cool  un- 
disturbed. Thus  the  Hue  A^  B^  before  mentioned  becomes  after 
compression  A^  B.^,  greater  than  A^  B^,  or  even  A  B*  A  swelling  up 
of  the  metal  oceurs,  which  is  continually  intensified,  the  pressurB 
meanwhile  forcing  the  points  A^  B,,  into  contiict  with  the  walls 
of  the  mould,  which  latter  also  expand  on  account  of  the  heat. 
When  the  feeding  process  from  the  upper  layers  has  ceased,  th€ 
mass  of  conj pressed  metal  between  the  points  A^  and  B^  begins 
to  contract,  ami  the  stresses  and  cracks  will  be  more  pronounced 
even  than  when  coolin^r  takes  place  alone.  The  extremitiei  of 
the  imaginary  line  continue  to  move  apart  in  proportion  as  the 
ingot  mould, heats  up,  and  the  metal  about  the  line  must  there- 
fore contract  by  an  amoimi  equal  to  the  increased  distance  apart 
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and  the  action  of  the  compression  is  similar  to  a  forging  opera- 
tion. In  order  to  combat  efficaciously  the  effect  of  shrinkage, 
the  compression  of  steel  by  wire-drawing  must  therefore  be 
applied  to  the  whole  surface  of  the  ingot,  restricting  or  diminish- 
ing its  volume  by  closing  inwards  upon  the  centra!  mass  as 
shrinking  proceeds.  This  entails  the  performance  of  work, 
work  which  constitutes  the  underlying  principle  of  the  process, 
and  the  value  of  which  is  proportionate  to  the  total  contraction 
of  the  masa  upon  which  it  acts.  The  amount  of  contraction 
per  nnit  of  volume  or  of  weight  is  constant  for  one  kind  of 
steel  of  definite  character.  But  it  varies  in  the  case  of  different 
kinds  of  steeL  The  work  necessary  to  counteract  the  effect  of 
this  contraction  per  unit  of  weight  will  consequently  be  a  con- 
stant amount  for  each  kind  of  steel.  Starthig  from  this  point, 
the  work  necessary  to  compress  by  wire-drawing  any  kind  of 
ingot  will  be  proportionate  to  the  weight  of  the  ingot. 

With  regard  to  the  'detects  of  tlie  second  category,  the  liqua- 
tion  and  formation  of  coarse  crystals  with  cleavages  are  due 
to  retardation  in  cooling.  It  is  impossible  to  overcome  these 
defects  completely,  since  instantaneous  solidification  is  out  of  the 
question.  But  for  the  following  reasons  their  occurreoce  may  be 
sensibly  diminished  by  compression  by  wire-drawing,  introduced 
primarily  to  counteract  contraction  : — 

(a)  The  ingot  mould  in  which  compression  is  carried  out  not 
only  consists  of  a  great  mass  of  metal  which  rapidly  absorbs 
a  quantity  of  beat,  but  it  is  kept  in  constant  contact  with  the 
metal  to  be  cooled  by  the  gradual  advancement  of  the  ingot 
under  pressure  from  below. 

(h)  In  a  liquid  body  which  contracts  or  undergoes  reductioti 
of  volume  in  passing  into  the  solid  state,  pressure  hastens  the 
transition.  This  results  in  shortening  the  time,  and  at  the  same 
time  a  diminution  in  the  crystallisation  and  of  the  liquation  is 
eflected* 

(c)  The  molecular  movement,  which  owing  to  pressure  takes 
place  throughout  the  mass,  also  tends  to  effect  a  diminution  in 
the  crystallisation  and  of  the  liquation. 

(d)  Finally,  another  circnraatance  which  in  general  tends 
to  hasten  the  cooling  and  diminish  crystallisation  and  liqua- 
tion (contrary  to  the  effect  of  a  refractorj-lined  mould)  i^  tbe 
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to  accumulate  in  the  upper  part  of  the  ingot  is  lessened*  This 
is  also  effected  bj  forcing  the  metal  into  intimate  contact  with 
the  thick  ingot  mould j  and  especially  by  causing  it  to  advance 
gradually  towards  the  cold  parts  of  the  walls. 

Such  is  the  operation  of  compression  by  wire-drawing,  which, 
by  leaving  exposed  tiie  upper  portion  of  the  ingot  and  applying 
pressure  to  the  base,  causes  it  to  rise  in  the  conical  mould  as 
though  being  forced  through  a  draw-plate.  The  solid  crust 
shown  iu  Fig,  1  doubles  inwards,  driving  the  internal  metal 
upwards,  the  actiou  being  similar  to  that  of  the  pressure  of  the 
band  upon  a  rubber  ball,  and  by  tins  means  the  fonuation  of 
cavities  are  avoided,  which  occur  if  the  metal  is  left  to  contract 
freely.  Tlie  pressure  upon  the  base,  or  the  rate  of  advancement 
within  the  mould,  is  so  con ti oiled  as  to  keep  the  shell  constantly 
full  without  oversow ing.  The  speed  is  regulated  according  to 
the  rate  of  contraction ,  exceeding  the  latter  slightly,  in  order  to 
maintain  every  portion  of  the  ingot  under  a  state  of  continuous 
pressure,  but  a  tensile  stress  never  occurs  in  any  portion.  The 
conical  form,  which  is  essential  for  producing  lateral  stricture 
in  proportion  as  the  ingot  advances,  increases  the  power  of  the 
press  by  producing  a  wedge- tike  action. 

This  compression  by  wire-drawing  being  applied  to  the  metal 
immediately  after  casting,  and  placing  the  whole  mass  under 
pressure  without  causing  any  tensile  strain,  entirely  prevents 
the  formation  of  internal  cracks  from  the  first  moment  it  is 
brought  into  action.  It  also  preserves  the  absolute  aalidity  of 
the  ingot  without  pipe  or  cavities  about  the  centre,  produces  a 
fine  crystallisation  without  cleavage  planes,  greatly  reduces 
liquation  J  and  generally  improves  the  physical  properties  owing 
to  the  effect  being  similar  to  that  of  forging.  Finally,  on  taking 
a  vertical  section  through  the  axis,  the  compressed  ingot  pre  sen  ta 
the  shape  and  appearance  shown  in  Pig*  2,  Plate  III.,  whereas 
without  compression  the  same  metal  would  have  resembled  the 
ingot  shown  in  Fig.  3,  Plate  III* 

In  order  to  effect  the  compression  by  wire-drawing,  the 
meehamcal  arrangement  which  appears  best  adapted  is  that 
represented  in  Plate  IV.  These  machines  are  now  actually  in 
operation  at  the  steelworks  of  Saint-Etienue,  and  comprise  the 
following : — 
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I 


It  is  interesting  to  note  here  that  the  ingot  No.  24  was  cast 
ia  a  very  thick  mould,  with  a  consequent  stroog  cooling  effect,  a 
circumsUmco  which  improves  the  quality  of  the  metal,  but  is  of 


Flo-  11. 


injurious  effect  as  regards  pipe.  It  showed  a  central  cavity  of 
remarkable  extent  towards  the  base,  which  is  simply  the  result 
of  the  thickness  of  the  mould.  This  ingot  is  an  example  o| 
what  is  actually  obtained  in  many  cases. 
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then  drilled,  the  core  part  be- 
ing cut  out  in  the  form  of  a 

round   bar  of    60  millimetres 
in  diameter.     The  compressed 
ingot  was  in  the  rough  state, 
having    neither    heen    forged 
nor  rolled,  and  was  entire.     A 
simitar  ronnd  bar  was  drilled 
out  of  the  core  of  this  latter, 
and  the  fractures  of  these  two 
ro  u  n  d  bars  were  e  1 1  o  wn ,     Dark  i 
patches  appeared  on  the  two 
upper  Bpecimyna  from  the  com-  j 
pressed  ingot,  but  these  werej 
iu  reality  merely  shadows,  and  ' 
the  two  fractures  did  not  re»j 
veal  any  cavity.     In  the  caael 
^     of    the    uncompressed    ingot,] 
(5     iiowever,  the  first  seven  pieces,  | 
^     reckoning  from  the  upper  end  | 
of  the  ingot,  were  defective  in  1 
the  centre,  in  spite  of  having  1 
had  cropped  oif  a  piece  equftlj 
to  28  per  cent,  of  the  weight 

(5)  SujmiorUy  oj  the  Smini\ 
Mdal  cv4m  in  the  Con  < 

the  Inffot, 

A  compact  metal,  free  from' 
defects  in  the  very  core,  isi 
undeniably  the  best  for  every 
kind  of  manufacture,  since 
forging  or  rolling  always  h**j 
a  tendency  to  strain  the  COf^l 
of  the  metal,  a  tendency  whic!i| 
*  5  ^  is  aggravated  by  tlie  defect*^ 

already  existing.     Thus  all  armour  plates  show  about  the  centi 
of  their  thickness  a  plane  of  fatigue,  which  becomes  a  plane  i 
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Table  V. — Tests  op  Rough  Ingots. 

(Analyses  taken  along  the  centre.) 


Steel  oast  in  lined  mould. 
Weight=1335  kg. 

k  -  270- 


Steel  cast  in  plain  mould. 
Weight=1210  kg. 


Compressed  s 
Weight=134( 


-3$0- 


— 4>— /^ 


-^n 


'13 


-t2 


-n 


t^ 445-- 

octagonal 


^ 445-  - 

octagonal 


Per  Cent. 


(  C=0'41 

1  {    8=0-007 
t  P=0022 

(  C=0-40 

2  {    8=0007 
I  P=0023 

r  C=0-40 
3-^8  =0-008 
t  P^  0-023 

r  C=0-43 

4  -    8=0010 
t  P  =  0024 

r  0  =  0-46 

5  {    8=0013 
t  P=0-027 


Per  Cent. 
0  =  0-40 
8=0008 
P--0  02:J 

=0-40 
7  -!    8=0-007 
=0  023 


•{ 


8 


10 


(  C  =  0-41 
{  8=000 
t  P=002- 

r  c=o-' 

{    8=0 
t  P=OM 

r  c=o-^ 

\   S=0-( 

t  p=o-( 


007 
024 

=  0-45 
010 
024 

•45 

010 

025 


^ 440 

octagonal 

Per  Cei 
(  C=0-40 
11  {    8=0-008 
^  P  =  0-02S 

r  C=0-41 
12  -^    8  =0008 
t  P=0-024 

r  C=0  42 
13  {   8=0009 
,  P=0-023 

r  C=0-42 
14  -^    8  =0  009 
I  P=0-025 

r  C=0-41 
15  \   8=0-009 
t  P=0'028 

^v^ 

■ 

1 

^^^^^^^^^^ 

BPr 

HlBHiiiM^^^H 

^^^^BL.             ^^^H 

^^^H^^^^^^^^^^^^^^^H 
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Analyses. 
5-to7t  Ingot,— Charge  No,  33,630.     (Ingot  No.  31.) 


No.  of  Samples , 
taken. 


C. 


Ml). 


Si. 


S. 


1 

0-392 

0-630 

0-290 

0035 

0  052 

2 

0-414 

0-640 

0-280 

0-037 

0-055 

3 

0-419 

0-653 

0-280 

0-040 

0-056 

4 

0-423 

0-653 

0-290 

0-042 

0-055 

5 

0-396 

0-648 

0-280 

0-034 

0-061 

6 

0-410 

0-635 

0-280 

0-034 

0^)50 

7 

0-410 

0-630 

0-280 

0-036 

0-049 

8 

0-387 

0-636 

0-280 

0-034 

0-051 

9 

0-396 

0-635 

0-2S0 

0-035 

0-051 

54on  Ingot.— Charge  No.  33,676.     (Ingot  No.  33.) 


I  No.  of  Samples 
'         taken. 


Total  C. 


0-324 
0-324 
0-328 
0-333 
0-333 
0-320 
0-319 


Md. 


0-65 
0-65 
0-65 
0-63 
0-65 
0-66 
0-04 


b'ton  Irujot. — Cliarge  No. 


~ 

_ 

"" 

SI 

S. 

1*. 

0-35 

0-023 

0-044 

0-34 

0030 

0  047 

0-34 

0-026 

0-051 

0-32 

0-031 

0-049 

0-35 

0  030 

0044 

0-34 

0-029 

0-043 

0-34 

0  028 

0-044 

86. 

(Ifigot  No. 

34 

•) 

No.  of  Samples 
taken. 

Total  C. 

M«. 

1 

0-284 

0-926 

2 

0-279 

0-926 

3 

0-274 

0  911 

4 

0-279 

0-926 

5 

0-274 

0-896 

6 

0-255 

0-896 

7 

0-260 

0-911 

s. 


0-032 

oo:^ 

0-035 
0-034 
0-032 
0  030 
0  030 


0-013 
0-014 
0-015 
0-014 
0*014 
0-013 
0-015 


The  couipressed  ingot  presents  to  the  eye  a  grain  of  a  visib 
finer  structure,  and  the  large  cleavages  no  longer  exist ;  but  tl 
only  results  which  it  is  possible  to  produce  here  are  those  r 
vealed  by  microphotography. 
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Tabi^  Vi. — Economy  obtained  by  Compression  in  the  Manufacture 
OF  Armour  Plate. 


Weight  of  rectan«pilar  armour     i 
plate  obtained  .     / 

(1)  Rolling  or  forying. 

Steel,  20,000  kg.  nt 

Ckml \ 

Labour    V 

MaintenaDce   .         .         .         .  j 

(2)  Finithing. 

Labour    \ 

Maintenance   .         .        .         .  ( 

Hardening  and  annealing  r 

Haulage / 

Total  exi>enditure    . 

Dfdwt— 

Turningg     )  9000  kg.  at  5  f r. 
and  cuttings  [  4000  kg.  at  5  f  r. 

Then  the  cogt  of  the  finished     ) 
armour  plate  is    .  .     f 


Ordinary  Ingot, 
20.000  KUogs. 


10.000  kilogs. 

20P 
L 


Compreased  Ingot, 
20.000  Kilogs. 


15.000  kUoga. 

20(P+7) 
L 


flrxl-25 


I 


20P+2.+^ 


450-00 


20  P  +  L  +  K-450 


20{P+7)  +  Lt{Kxl-2^) 


o)  I 


I 


I 


20000 

!  20(/»+7)  +  /.  +  (A'xl-25) 
-200 


Substituting  for  P,  //,  and  K  their  values,  which  vary  according  to  the 
kind  of  plant  employed,  the  cost  price  of  the  total  quantity  of  armour  plate 
will  be  obtained  in  both  cases,  and  consequently  the  price  per  ton. 


If  the  selling  price  of  the  armour  plate  is  2  francs  francs 

francs  per  kilogramme,  the  value  will  bo  .      2  x  10,000=20,000     2  x  15,000=30,000 


Deducting  from  the  selling  price  the  cost  price  as  above  there  remains  as 
the  profit,  R  and  Ri,  on  each  of  the  ingots  : — 

For  the  compressed  ingot :  30,000  +  200  -  20  (P+ 7)  -  Z  -  (AT  x  1  25i  =  i2. 
For  the  ordinary  ingot :  20,000  +  450 - 20P -L~ K=  jB,. 
To  find  the  difference  between  these  two  profits : — 

/2-jBi  =  10,000-250-20x7-0-2r>  K. 
If  the  fininhing  costs  500  francs  per  ton,  then  A' =5000 francs,  and  therefore 
R-Ri  =  8360  francs  ( £334). 


It  may  therefore   be  taken   for  granted    that  a  compressed 
ingot  of  20  tons  yields,  in  the  sellinjr  of   the  finished  armour 
plate,  a  profit  amounting  to  8360   francs,  or    £334,  more  thai*, 
that     yielded    by    the    same    ingot    when    uncompressed.      Th^ 
advantages  conferred  by  compression  could,  moreover,  be  sho^ 


••^>     «Mto  •  %  ••«■«» 


••<«  •  W  -   •   • 


•>  «  ♦  l««..     •*  •*• 


•  •      •     -•••     •  r 
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Mr.  Wn.UAM  Bkardmore,  Member  of  Council,  was  sorry  thafc 
he  could  not  make  any  very  substantial  remarks  on  the  paper, 
because  anythinir  he  might  say  would  be  purely  from  observation 
and  not  from  actual  experience*  He  might  say  that  he  went  to 
the  Saint-Etieiiue  works  some  months  ago  to  see  Mr.  Harraet  a 
process  of  compressing  ingots,  and  he  spent  a  coople  of  days 
in  investigating  and  thoroughly  observing  the  process.  He 
was  so  much  struck  by  what  he  saw  on  that  occasion  that  he 
immediately  sent  some  of  his  engineering  staff  to  the  Saint- 
Etieone  works,  where  they  spent  something  like  a  fortnight, 
and  when  they  came  back  he  gave  the  matter  full  consideration 
and  he  was  so  far  pleased  with  it  that  he  at  once  arderec 
a  press  for  this  purpose*  This  press  wtis  now  in  course  of 
manufacture,  and  he  hoped  in  the  course  of  a  short  time  ta 
apply  it  to  ihe  solidification  of  armour-plate  ingots.  He  be- 
lieved that  the  result  obtained  would  fully  justify  the  large 
expense  he  had  incurred  in  putting  it  down*  He  was  sorry 
that  he  could  not  enter  into  details  and  give  them  any  aciual 
experience,  as  he  said  before,  but  perhaps,  on  some  future 
occasion,   he  might  Ijave  that  pleasure. 

Mr.  E.  Windsor    Richahds,  Past-President,    had     had    Uie 
pleasure  of  knowing  Mr.  Hariuet  for  something  like  a  quarter  of 
a  century »  and  he  knew  him  to  be  a  thoroughly  practical  metal 
lurgical  engineer,  and  so  he  (the  speaker)  paid  very  great  attention 
to  the  author's  most  interesting  paper.     They  always  liked  whea 
they  saw  an  arranj^ement  of  this  sort  to  know  how  it  could 
applied  to  the  particular  business  they  had  in  hand,  and  he  woid< 
like  Mr*  Harmet  tu  tell  tiiem  whether  he  thought  that  it  couldl 
be  applied  to  the  everyday  working  t>(  a  Bessemer  steelworks 
making  large  quantities  of  ingots   for  rails,  say  ingots  wei^^hiBf 
30  cwt.      If   it  could  be  done  he   thougiit  it  would   be  a  ver; 
great  advantage,  because  it    was  just  as   important  to  have    i 
thoroughly   sound    ingot   for   rail    making    as   for   armour- plat 
maktug.      He  should  be  glad  to  have  his  views  on  that  matter. 


7*  "    -.1  L-  '*.r  ^^rtPV^ 


J 
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Professor  H,  M.  Howe  (New  York)  said  the  Instituta  wail 
much  to  be  cotigratulated  on  the  very  excellent  paper  which  Mr.] 
Harmet  had  prepared*  The  niethod  was  certainly  most  ia-l 
geoious,  and  appeared  to  have  great  promise.  It  was,  of  couiseJ 
in  competitlou  with  the  Whitworih  and  other  methods  off 
compressing,  and  it  appeared  as  if  Mr.  Harmet  was  attackifigl 
the  ingot  at  much  greater  advantage  than  Whitworth  did.  Wheal 
Whitworth  attacked  the  ingot  the  outer  shell  had  solidified  tai 
a  solid  column  outside,  but  molten  in  the  centre  along  its  axiBi| 
and  in  order  to  follow  up  contraction  of  the  metal  he  had  toi 
compress  leojuahwise  by  brute  force  the  solid  outer  column,  thfti 
in^ot  ofTerinj^  very  great  resistance  to  the  conjpressioii.  Mr  J 
Harmet  in  compressing  his  ingot  did  ic  by  wedging.  If  il 
wedge  or  a  tapered  plug  were  driven  into  a  tnpered  hoi©  inta 
which  it  fitted  accurately^  the  wedge  or  the  phig  would  axerS 
enormous  bursting  pressure  against  the  sides  of  that  iiole,  Bu^ 
action  and  reaction  being  equal  and  opposite,  tlie  driving  in  ofl 
the  wedge  wouli  cause  the  sides  of  the  hole  lo  exert  enormoud 
radial  pressure  inwards  upon  the  wedge  itself,  a  pressure  out  ofl 
all  proportion  to  the  pressure  applied  to  the  base  of  the  wed^ieJ 
This  was  just  what  Mr.  Harmet  did.  A  tapered  ingot  wan 
driven  like  a  wedge  into  a  tapered  mould  which  it  fitted  iiecQ<4 
rately ;  and  tins  tapering  caused  the  sides  of  tlie  mould  to  exeitl 
upon  the  sides  of  the  ingot  a  radial  compression  out  of  all  pfO-1 
portion  to  the  longitudinal  pressure  put  upon  the  base  of  tbtl 
ingot*  He  attacked  the  ingot  where  it  resisted  feebly.  There  I 
were  other  methods  of  compression  with  which  this  mast  compcfaB 
also,  One  had  been  successfully  used  in  America  to  a  consider* ■ 
able  extent  for  small  ingots,  and  he  thought  it  attacked  lb«l 
ingot  at  still  greatf^r  disadvantage.  He  did  not  know  that  it  I 
could  be  readily  compared  with  the  Harmet  method.  It  wtl  I 
that  of  S*  T.  Williams.  He  cast  a  tapered  ingot  in  an  ordinaif  B 
ingot  mould,  except  that  the  mould  was  split  Then,  after  tbffl 
shell  of  the  ingot  had  solidified  and  become  so  thick  that  tb(  I 
ingot  would  not  bleed  if  the  support  of  the  walls  were  witl"^  I 
drawn,  the  mould  was  opened,  say  for  a  minute,  and  a  conifla  I 
liner  or  plate  was  slipped  in  between  the  vertical  surface  o  I 
the  mould  and  the  vertical  surface  of  the  ingot  Then  the  tt*  ■ 
halves  of  the  mould  were    pressed  against   the  ingot,  sad  lol 
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per  unit  and  not  per  cent.,  so  that  to  bring  tbetn  to  our  metbc 
the  decimal  point  would  have  to  be  shifted  two  places,* 

Mr.  Saniter  thee  said,  with   rererence  to  keeping  warm  th^ 
top  of  the  ingot,  this  had  one  advantage,  that  it  enabled  then 
to  get  the  aggregate  into  the  top^  where  it  would  be  cropped  off;! 
that,  of  course,  was  when  not  treating  by  the  Han  net  proc^3*| 
He  must  say,  after  reading  the  paper^  he  thought,  with  the  othe 
members  who  liad  already  spoken,  that  it  seemed  to  be  an  exoel- 
lent  way  of  tackling  the  matter ;  hut  it  also  had  one  little 
advantage  as  compared  with  the  Wiiitwortii  procei3S,  and  that  wa 
the  gas  ill  the  steeh     They  all  knew  that  the  gas  was  gradnall] 
liberated  as  the  steel  solidified.      If  the  steel  was  only  under  wire- 
drawiag  compression^  that  would  not  prevent  the  liberation 
gas  or  the  formation  of  blow- holes,  while  by  the  Whit  worth  pr 
cess  they  had  the  steel   under  absolute  pressure.     With  rega 
to  the  advantage  of  preventinj?  the  formation  of  large  crystals  k 
the  ingots,  it  appeared  that  that  was  not  a  very  important  matted 
when  the  steel  was  to  be  subsequently  subjected  to  heating  audi 
forging.     With  respect  to  the  saving  in  cropping,  that  saving] 
referred  more  particularly  to  forgings  and  armour-plate  ingot 
and  tliere  would  not  be  the  same  saving  in  croppinga  in  raUsJ 
because  there  was  not  25  per  cent,  to  begin  with*     In  compariugi 
the  advantai^^ea  in  cost,  also,  it  should  be  compared  with  another  I 
process  of  compression  as  well  as  with  the  ordinary  method  of  I 
manufacture  of  steel  ingots. 

Professor  D.  Tscrkhnoff  (St.  Petersburg)  thought  that  it] 
fihould  not  be  overlooked  that  steel  in  the  liquid  state  was  as  hh\ 
compressible  as  water  Compression  con  hi  therefore  produoe  fto] 
other  etfect  beyond  hindering  the  evolution  of  the  gases  and  pr^j 
venting  the  formation  of  cavities  due  to  shrinkage.  The  ootil' 
pression  could  also  be  effected  by  means  of  a  gaseous  mediuio^  j 
in  which  case  its  induence  would  be  limited  to  the  former  d\ 
these  two  objects*  If  the  pressure  was  applied  by  means  of  ij 
piston,  in  accordance  with  the  method  first  introduced  by  W^ 
worth  on  a  large  scale,  the  action  of  the  piston  compelled 
upper  surface  of  the  ingot,  already  soliditied   at  tlie   outsell 

•  Tb*  lUletAliori  bft»  nnw  h&i&n  iniidr. 
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COBRESPONJjENCB, 

Mr.  Ralph  G.  Scott  (Leeds)  asked  whether  the  dimensiooB 
of  the  three  ingots  sketched  in  connection  with  Table  V,  could 
be  added.     It  seemed  to   him   that  with   regard   to  the  table 
several  important  data  were  not  given  as  far  as  he  could  find 
out.     First,  the  size  and  weight  of  ingots  dealt  with  and  whether 
these    were   crucible    or    open^hearth    ateeL       Secondly,  if  thfl 
specimens  for  tests  each  contained  the  vertical   axis  of    ingot 
then  six  slabs  must  have   been   cut   from   the  bottom  ^  middle  J 
and  top  of  each  ingot  respectively,   Le.  eighteen  slabs  in 
case.     If    that  was  the  case,  it  would  be  interesting  to   kaof 
how  thick  the  slabs  were  and  which  specimen  was  taken   froD 
the  uppermost  slab  in  each  case.     Thirdly,  in  the  case  of  Ubtf 
impact   test,  he   would  like  to  know   the   length    of    specimeiiJ 
the  distance  apart  of   bearings,  and   whether   the  corners   wer 
roimded  off.      Fourthly,  the    meaning  of  the   letters    K,  0, 
F,   G,  &a,   in    the    fracture    column.     Lastly,    he    would    liki 
to  know  the  exact  meaning  of  two  and  four  workings — that  wa 
to  say,  the  size  of  original  ingot  and  the  size  after  the  fir 
second,  thinlj  and  fourth  workings  respectively — ^nd    whethe 
the  process  was  one  of  hammering  or  roiling  5    if  the  formerJ 
what  was  the  size  of  hammer  ? 

Mr.  Hahmet,  in  reply,  warmly  thanked  the  Council  and  tbej 
members,  and  especially  those  who  had  taken  part  in  the  dfit^j 
cuasion,  for  their  kind  appreciation  of  his  paper,  and  the  at 
tion  they  had  given   to  the   problem  of  compressing  ingots' 
wire-drawing.     The  points  raised  in  discussion  were  of  a 
interesting  character,  and  merited  earnest  consideration,  bat  be  j 
would  endeavour  to  reply  in  a  few  words  only.     He  had  been  ' 
asked  by  Mr.  Windsor  Richards  if  the  process  was  applicable  in 
the  case  of  a  regular  output  of  rails  from  Bessemer  steel  ingotij 
of  IJ  tons.     This  question  had  already  been  asked  by  Belgilii  1 
and  Russian  manufacturers,  and  he  would  answer  it  first  from 
the  mechanical  point  of  view,  by  stating  that  they  had  deaigntnl 
a  press  to  compress  simultaneously  four  ingots   of  2  to  2 J 
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liquid  metal  while  compression  was  going  ou,  and  what  was  tb 
nature  of  these  gases.     Mr.  Vanghan   Hughes   desired  to  know 
whether  he  liad  contiiied  his  attention  solely  to  the  avoidance  of 
cavities  and  defects  due  to  the  shrinkage  of  the  steel,  regardleae 
of   the  chemical  aspect  of  the  question,  and  it  had  beeu  sug- 
gested  by  Mr,   Saniter  tbat  compression  by  wire-drawing  alone 
appeared  to  him  an  insufficient  means  to  prevent  the  liberatioo 
of  tlie  gases.     These  three  questions  were  supplementary,  and 
were  worthy  of  being  thoroughly  discussed*      Unfortnnatelj  ho" 
was  compelled  to  give  but  a  short  reply,  wiiiuh  would  deal  at 
once  with  all  three.      Tiie  compression  by  wire-drawing  was 
mechanical    operation,   by   means   ol   which   the   formation   was 
avoided  of  pipe  and  other  defects  resulting  from  the  contractioa 
which   took   place  during   the  perioii  of  cooling  from  the  liquid 
state  to  the  temperature  at  deep  red.      It  was  assumed  that  the 
liquid   metal   bad   oeen   carefully   prepared   within   the   furnace 
before  pouring  into  the  mould.     The  compression  was  introduced 
with  tbe  clearly  defined  object  of  combating  the  evil  effects  of 
shrinkage,  because  it  was  by  this  meaus  alone  that  this  end  was 
attainable.       The  effect   of  shrinkage    could   not   be   eliminated 
either  in  the  furnace  before  tapping  or  subsequent  to  cooling 
By  compression  this  object  was  fulfilled  in  a  satisfactory  manneri 
and  at  the  same  time  crystallisation,  liquation,  and  segregatioa 
were  diminished^  as  be   (the   author)   had  explained*      Further 
than  this,  the  operation,  though  of  a  purely  mechanical  nature^ 
became  accessory  to  the  furnace  in  which  the  metal  was  pro* 
duced  in  cases  where  the  chemical  reactions  within  the  furnace 
had  not  been  able  to  take  place  in  a  measure  suitable  for  the 
production  of  a  perfect  metal;  and  one  which  should  evolve  no 
gas  during  cooling*     Compression  by  wire-drawing,  in  fact,  had 
the    effect  of  retaining  th<i  gases    in    tbe  metal   in  solutioa^ — 
firstly,   owing    to    the  pressure    exerted  throughout  the  m&sai 
and  secondly^  by  the  rapid  cooling    which    took   place  in  the 
head  of  the  ingot,  by  causing  it  to  rise  into  the  cold  parts  «f 
tbe  ingot  mould.     The  sliell  was  thus  completely  closed,  and  st 
the  same  time  no  hollow  space  could  form  internally  where  tbe 
gases  might   accumulate.      The    shell    was  supported   over  ili 
whole  surface  by  contact  with   the  walla  of  the  mould,  wliich 
exerted  a   powerful  squeezing  action  ;  it  was  also  supported  bj 
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caused,  prevented,  or  at  least  very  mach  diminished,  the  evolution 
of  the  gases^  By  crushing  in  the  external  ahelL  of  the  ingot  and 
by  furcing  it  cuijatautly  upon  its  own  centre  according  as  con- 
traction proceeded,  the  {ormation  of  pipe  and  of  cavities  abo^ 
the  axis  was  hindered* 

In  reply  to  Mr.  Scott,  the  author  stated  that  the  iHgots  u 
for  njaking  the  tests  described  in  Tables  IL,  II I. ,  and  lY.  wete 
identical  with  those  represented  in  Table  V,  All  these  ingota 
were  of  open -hearth  st^seh  From  each  ingot  only  three  platas 
were  cut — one  from  the  bottom  portion,  one  from  the  middle, 
and  one  from  the  top.  From  each  plate  were  prepared  three 
strips  for  tensile  tests,  and  three  bars  for  impact  tests.  The 
manner  iu  which  these  were  cut  from  each  plate  was  indicated 
in  the  annexed  sketch  :^ — 

of  the  ingots 


1 


Upfmr  «dge  of  the  fjlutc  witliin 
the  ingot. 


1      1 



Sti  ip  for  tenBile  test     . 

T, 

Bnr  for  impHet  tcit 

<\ 

Strip  f'^r  tetmiU  te«t 

T, 

Bar  for  i?upiuit  tett 

C 

SIrip  ror  tensile  ted 

T, 

Bar  for  impaci  teat 

C'l 

IiOWir  rdge  of  the  plute  within 
Ibtt  ingot.  t 


The  plates  were  all  Ii\  inches  thick,  and  were  cut  in  such 
a  manner  that  the  lougitudinal  axis  of  ttie  ingot  always  coin- 
cided witii  the  centre  of  the  thickness*  The  impact  bars  were 
6i  inches  long,  the  distance  apart  of  the  supports  heiug  4J  inches. 
These  supports  were  slightly  rounded  at  the  top,  the  radius 
hein^f  iV  inch.  The  face  of  the  drop-hammer  was  similarly 
rounded  olT,  with  a  radius  of  abont  1  inch* 

The  letters  A,  B,  C,  D,  E,  F,  G,  H,  J,  X  in  the  fracture 
column  refer  to  a  classification  currently  used  iu  France  to 
dauote  the  various  aspects  presented  by  the  fracture,  A  is  a 
Hbroua  fracture  exhibiting  a  surface  entirely  cupped  {Camurf  A 
Tierf  t%  anipelie  cmnpUk)*  B  is  a  fii>rous  fracture,  ou  the  smt- 
face  of  which  the  cupped  part  is  incomplete  (Camttn  h  nerf  i 

*  Fi*r  Ihf  Bngllih  ri*iicledng  of  these  termii  the  InAtilute  ii  Indebted  In  Mr.  K,  0*  B6t/^ 
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THE  APPLICATION  OF  ELECTRIC  POWER  IN 
THE  IRON  AND  STEEL  INDUSTRIES, 

Br  D.  SKLBY-BIGGE  jNKWCAsfcTLF-ON'TTKt). 

In  the  year  1894  the  author  had  the  honour  of  reading  before 
this  Institute  two  papers  dealing  with  the  subject  of  Electric 
Power  Transmission,  haviiig  regard  especially  to  the  driviDg  of 
works  macbiDery  by  meaus  of  electricity.  At  that  time  the 
subject  was  a  comparatively  new  one  to  the  owners  of  works  iti 
Great  Britain.  Tlie  papers  read  were  purely  of  a  teebuica] 
nature,  and  dealt  with  the  methods  the  author  theu  thought 
most  suitable  to  be  employed  iu  driving  works  electrically- 
iSiuce  that  date  a  great  number  of  papers  have  been  read  by 
well-known  authorities  on  this  subject.  In  bringing  another  coin- 
mnnicatiou  before  this  Institute  it  is  now  the  author's  endeavour 
to  read  a  paper  on  somewhat  different  lines,  and  one  which  will 
prove  not  only  of  interest  but  of  actual  use  to  works  owtierB 
and  managers  in  England*  The  paper  therefore  will  deal  chiefly 
with  actual  facts  and  figures^  and  with  data  of  a  practical  nature, 
collected  from  a  great  number  of  different  sources. 

During  the  past  twelve  years  the  autiior  has  been  almost 
exclusively  engaged  in  the  remodellin^jt  of  the  driving  arrange- 
mentg  in  engineering  works,  iron  and  steel  works,  shipyards, 
factories,  and  miuiug  operations  from  steam  to  electricity,  and  be 
has  almost  invariably  been  met  with  the  question — Can  you 
show  us  by  any  facts  or  figures  actual  savings  which  can  be 
diret^tly  attribut^ible  to  the  change  from  one  system  to  tlie 
other  ?  It  has  not,  however,  been  possible  for  him  to  deal  with 
this  matter  in  the  form  of  a  paper  until  the  present  time,  as  ia 
the  early  days  no  data  wi.^re  available,  and  even  in  subsequent 
years  accurate  data  have  been  most  difficult  to  obtain.  The 
following  cases  and  figures  may,  however,  prove  interesting  to  the 
members  of  this  Institute. 
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order  to  have  an  accurate  compamon  of  the  two  systems, 
several  teats  were  raade^  extending  over  some  days,  with  the 
following  results ;  The  reduction  in  steam  consumption  was 
found  to  be  40  per  cent,  and  the  reduction  in  coal  consutuption 
32i7r  per  cent. 

Before  a  meeting  of  the  Franklin  Institute  in  1901,  Mr- 
Samuel  Vanclain^  Superintendent  of  the  Baldwin  Locomotive 
Works  at  Philadelphia,  U.S.A.,  atatt^d  that  if  electric  driving 
in  their  works  should  be  abandoned  the  manufactured  product 
would  cost  20  to  25  per  cent,  more  for  labour,  and  the  floor  spacd 
would  have  to  be  increased  40  per  cent,  to  njaintain  the  present 
output. 

In  an  excellent  article  written  by  Mr.  Alexander  Richardson, 
upon  Messrs,  VickerSj  Sons,  &  Maxim^s   works  at   Barrow-in 
Furness,   and   published  in  tht*   July  nuniber  of  Tntdion  ani 
Transmi^on,  he  says  :- — 

*'  Ko  special  data  have  been  taken  as  to  the  cost  of  running 
this  station  separately,  but  it  may  be  noted  that  the  cost  per 
unit  lejenerated  during  1901  at  the  en^t^nneering  works  station 
was  0'77tij  which  includes  coal,  wages,  water,  repairs,  and  all 
works  costs-  The  economy  resulting  from  the  snbstittition  ol^ 
electric  power  for  steam  is  shown  by  the  fact  that  the  average 
monthly  coal  consumption  for  three  winter  months  in  1898^ 
when  only  steam  power  was  used  in  the  shipyard,  was  476  tons* 
whert^as  for  the  corresponding  period  iu  1899,  after  electria 
power  was  adopted,  the  average  coal  consumption  was  232  tons, 
being  almost  exactly  half  the  total  required  for  steam  power. 
Tlus,  too,  notwithstanding  the  fact  that  many  new  machin«a 
had  in  the  interval  been  added  in  the  platers'  shed,  and  Ibsl 
the  amount  of  lighting  done  had  been  more  than  doubled.  The 
true  savinif  is  probably  nearer  60  per  cent  than  60  per  cent 
if  this  extra  load  be  taken  into  account/' 

At  a  large  colliery  in  South  Durham  the  pumps  were  originally 
of  the  spear  rod  type,  worked  from  bank,  and  the  pumps  deliverid 
about  1000  gallons  per  niinnte  against  a  head  of  400  feet* 

Owing  to  the  room  which  these  pumps  occupied  in  the  shaft, 
and  it  bein^^  desired  to  put  in  another  cage,  which  could  not  b 
done  with  the  pumps  in  the  shaft,  the  pumps  were  reujoved  an'i 
in  their  place  was  substituted  a  horizontal  compound  coupled 
engine  of  400  horse- power,  one  250  K.W*  dynamo  arranged  t^ 
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With  electrical  driving  of  hauling  gear  at  the  Ewald  Collieiy 
Germany,  it  has  been  found  that,  not  taking  into  acconnt 
depreciation ,  discharging  1  ton  kilometre  of  coal  from  the  mine 
costs  about  3 '39  pfennigs  (one-third  of  a  penny). 

A  balance-sheet  for  July  1895  shows  a  clear  saving  in  cost 
against  that  of  Jnly  1894  of  5512  marks ,  the  economy  being 
effected  by  the  electric  hauling  gear. 

The  quantity  of  ooal  discharged  up  to  July  1B94  for  twenty- 
five  working  days  amounted  to  lOVjOOO  truck  kilometres  at  0*6 
of  a  ton  per  truck,  fifty  horses  being  at  work^  m  that  the  monthly 

107  000 

work  of  each  horse  amounted  to  — ^^j—  =  approximately   2140 

truck  kilometres,  or  2140  X  0*6=  1284  ton  kilometres  without 
counting  trucks  carrying  bricks,  wood,  or  lime,  or  running  empty 

The  daily  work  of  each  horse  was  ^^  =85"6  trucks  per  kilo- 
metre, or    ^-    =51*36  ton  kilometres. 

The  monthly  cost  per  horse  is  as  follows :- — 100  marks  paid 
for  hiring ;  54  marks,  wages  for  driver,  proportion  of  expenses 
for  stable-boys  J  &c.,  &c.,  together,  154  marks  for  fifty  horses; 
therefore—  7700  marks,  not  counting  6  marks  per  horse,  or  300 
marks  per  month  for  fifty  horses  for  shoeing,  water,  and  amortisa- 
tion of  the  underground  stables. 

If,  therefore,  the  daily  work  of  the  horses  is  85 '6  trucks  per 
kilometre,  there  would  be  51^5  horses  necessary  for  the  month 
of  July  1895  for  the  whole  transport  of  118,962  truck  kilo- 
metres in  twenty-seven  working  days,  which  would  mean  a  cost 
of  51  5  X  154  ^  7931  marks. 

Exclusive  of  amortisation  of  the  capital  the  cost  of  the 
mechanical  hauling  gear  is  as  follows : — - 

Hftrkiu 

1  Fotemim   ,        .        . 1901)0 

2  Dftj  tittijUiJiinti UI776 

4     Nij;lit  Attetiiknti      ......       47345 

M  Men  for  v**p^  rojiMin*         ,...,,       32g  07 

175'  Diffur^at  ivmoniiiM  fnr  eztm  work,  &Ch     .         .        .       562 '1& 

ToUlofwagM        ,  t751'43 

I'^trii  9tpcnii«i  .,.*...♦       145'S2: 

(3:^voHii,  ]lOnmpn.=M'*i  K.W,)f\^f  the  «te(im  engine 

^^'?-mB  MR -      521-51 

OT 
(1  H.P.  liour=^0'024  mjirk  momtlily,  ST  diijix  16  honmx 
Sn^xO  "24^=52 1-51  uiftiks.) 


Total  wrttking  ootti        »        .     ^18  7d 
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this  the  author  has  drawn  upon  a  number  of  caaes  of  different  \ 
kinds  and  in  difiert^nt  parts  of  the  country^  showing  the  rate  at  { 
which  the  works  owner  can  j^enerate  his  own  electricity.      These 
figures  are  taken   from  actual  examples  of  every-day  working,  ^ 
and  are  not  in  any  way  test  figures  taken  for  the  purpose  of  this 
paper*     Taking  these  figures  as  a  basis,  it  is  an  easy  matter  for  ^ 
a  works  owner,  once  having  ascertained  the  total  horse-power  i 
which  will  be  involved  in  the  drivinff  and  lighting  of  the  entire  I 
workSj  to  see  for  himself  at  what  expenditure  per  annum  he  can 
run  his  works  npon  the  new  system. 

Cost  of  Electricity  delivkhed  on  SwrrcHBOAitD. 
Tent  of  130i  hours,  Nmeviher  \lth  In  'IZrd  1901,  Bntannia  Worfc^, 


Me&n  ourre&t  (AmM.)  , 
Mei^n  protsare  (rom)  . 
Bfeftn  power  (wftttej 
M«Ai]  etectric  h«p. 
Bonnl  of  Tmde  unltA    . 
Weight  <if  Hteiim  per  B.T*U, 
Weight  of  ooftl  per  B-T.  U,  . 

CotfcperB.T.U. 
Goal  SD4  Ibi.  itt  111.  6tL  par  ton 
Wat«r27  52  \h»,  itt  S^d,  per  100*1  ^nlloiit 

afcof^   .  

Wjigfii  .,,.,.. 

ReiMiii*** 

SnptriQlutidenee  ..... 


Net  cost  |)*^r  B.T.U.     . 
Intercflt  aud  DepreclHtaon   on   £15,000  lit 
10  per  cent,  per  thnimni 


1^ 

433,000 

58042 

00,  im 

27*52  lh«, 
3-04  IbH. 

O'lfiT 
000963 
0  00095 
0 '06025 
0  01 50 

D  01  las 

O"30Ofi5J. 


Co«i  |ier  we«k. 

£47    4  0 

2    H  (S 

2  10  0 
1^  13  S 

4    0  0 

3  0  0 


1-75  15    9 


%'^md.  \wt  oil  it. 


Cost  per  E.HJ*.  per  Hour. 

Coftl  2''27  Iba,  at  lis.  (id.  i-er  ton     .        .         .  01395 

Wnte r  20 *53  \\m.  a  t  ."^d .  pi*r  1 000  i? al  1  < >Tm        .  0 *007 1 S 

StOTSi       ........  00074 

W»«e* 011494 

BipHira     ....  O'OllKTj 

Supeiintcndeiide I>1X)H!> 

0'2242Sd. 
Mcwi  LH.P.  at  76  per  cent,  emcfetiey,  773.     Canl  per  LRP,,  1706  Ibi. 
WihterperLl£F.,15  4Jbi. 

The  author  ia  indehted  to  Messrs,  Richaidson,  Westgarth  A 
Co*  J  Limited,  West  Hartlepool,  for  tlie  following  in  forma  ti<jn  on 
the  suhject  of  the  economy  effected  by  the  introduction  of  electric 
driving  into  their  works.  The  following  is  a  rough  Bumioirf 
of  the  changes  whidi  have  heen  effected  :— 

These  works  were  formerly  driven  by  about  thirteen  ffln^U 

*  Inoludei  kbtmr  ol  keepitig  134  arc  lumpa  in  repair. 


230 


THE   APPLICATIOK    Ot*"   ELECTRIC   FOWEH   IN 


Cost  of  Power  per  £  Wages  Paid. 


Coal  af%d  Oa$. 

2ud  Muy  1H93  to  24tk  Aiidl  1804. 

W(ige»     ,    .     £64,885    0    0 

Cf>*t  tif  ijowtr        2,337    0    0 


30th  Ai^ril  1900  to  Mth  April  lf»01. 
WHge*     .     .    £120.700    0    t) 
Cofti:  of  power       2,578    0    0 
=4 '88(1.  per  £  wngei  pwid- 


Taking  ihe  case  of  another  shipyard   which   wm   previoualj 
drivtin  by  gaa  engines,  the  author  has  received    ihe    fol lowing 
particulars :  "  We  have  no  hesitatiou  in  saying  that  we  are  gettin; 
at  least  30  per  eeot  more  power  out  of  our  machines  since  we 
adopted  electric  power  instead  of  the  gas  enj^'ines  we  used  before, 

"  As  far  as  the  cost  per  B.T*  unit  goes,  we  have  lately  had 
readings  taken,  and  find  that  last  year's  works  out  nt  about 
0  '8  of  a  penny  ;  this  is  taking  into  consideration  the  depreciation 
on  our  plant,  interest  on  capital ,  re|>airs,  and  in  fact  everything 
which  we  can  possibly  put  down  against  this  account," 

The  average  output  would  not  exceed  250  to  300  horse-power. 

The  anthoT  is  indebted  to  the  managing  director  of  another 
large  shipyard  in  the  North  of  England  for  the  following 
Btatement:  '"Some  years  ago,  just  about  the  time  when  we  first 
introduced  electrically  driven  machines,  we  put  in  new  boilers 
in  place  of  the  old  ones,  and  while  it  must  be  remembered 
that  the  new  boilers  are  more  efficient  than  the  old  ones,  I 
would  say  in  general  terms  that  our  coal  consumption  has 
been  reduced  by  some  40  per  cent,  although  tiie  amount  of 
machines  driven  electrically  is  now  greater  than  those  which 
were  formerly  driven  by  steam,  and  consequently  the  reduction 
may  be  even  greater  than  the  percentage  I  mention  above." 

In  a  letter  the  author  has  received  from  Colonel  B,  Si 
Crompton,  he  states  i — 

**  In  our  own  works,  which  are  on  a  somewhat  extended  scftla, 
the  substitution  of  electric  driving  for  the  old  sbaftincr  systein 
has  approximately  halved  our  bill  for  power;  in  faet,  the  whole 
of  the  driving  of  the  works  and  tools  for  about  1300  men  ii 
practically  supplied  by  one  120  K*W,  set  fully  loaded,  and  it  is 
only  when  we  are  testing  that  we  have  to  run  two  sets  of  thia 
size,  whereas  by  the  old  system  we  should  have  had  to  run  two 
200  horse-power  engines  continuously/' 

Another  very  interestinj^^  case,  although  not  in  full  operation 
as  yet,  but  one  which  shows  conclusively  the  enormous  adv^tn- 
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MOTO: 

Tests  on  Cranes^  Quick-Motion  Overkea 


Works 
'  Department. 


No.  1  Crane— 
Plate  millR 
loading. 


No.  2  Crane- 
Plate  mills 
floor. 


No.  3  Crane 
(new) — Plate 
mills  load- 
ing. 


Size  and  Type 
of  Travelling 
•    Crane. 


5-ton  3-motor 
crane.  Works 
in  exposed 
position,  both 
in  and  out  of 
shop. 


5-ton  3-motor 
crane.  Works 
under  cover. ' 


6-ton  3-motor 
crane.  Built 
and  erected 
by  Dowlnis 
O  a  r  d  i  ff 
Works. 
Works  in  ex- 
posed posi- 
tion, both  in 
itnd  out  of 
Hhop. 


Actual  Testa  on  Cniie- 


Work  done  by  Crane. 


I 

Average.      Maximum. 


1  to  3  tons. 


1  to  2  tons. 


1  to  3  tons. 


4^  tons. 


4  tons. 


4^  to  5  touH. 


Motion. 


E.H.P.  Absorbed. 
Crane  Light. 


Startin  g      Runnisf 
Effort.         Power. 


Lifting. 

13-4 

0-5 

Traversing. 

14-8 

7T 

Travelling. 

2315 

11-8 

Lifting. 

18-0 

9-6 

Traversing. 

20-6 

9-86 

Travelling. 

28-5 

U-8 

Lifting. 

22-3 

9-5 

Traversing. 

11-3 

6-2 

Travelling. 

29-5 

12-0 

Note. — The  startiug  efforts  given  above  can  be  regarded  only  as  approximate,  hia^ 
circuit.  One  longitudinal  trolley  wire  only  employed,  the  return  betof  tl 
are  seldom  exceeded  under  actual  working  conditions  in  these  works. 


•  ■         .«. 
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Description 
of  MacoiDe. 


3-toii  skull- 
breaking 
winoh. 


MOTOR  TESTS. 
Taken  ISfk  Avgiist  1902. 


Work  done  , 
by  Machine.  I 


E.H.P.  Absorbed. 


1 


Lifts  baU 
weighing 

3  tons  8  cwt. 

to  height  of 
50  feet  at    i 

speed  of  60 

ft.  per  min.  i 
(timed).     | 


Light. 
8-6 


I  Londed. 

.'     17-8 


Type  nnd  Size  ' 
of  Motor.       I 


Remarks. 


2-pole  open 

type  armature 

at  bottom, 

18B.H.P., 

series  wound. 


This  winch  is  of  or- 
dinary band  pattern, 
driven  through  works 
and  spur  gear,  with 
brakes  and  dutch. 
Water  starting  and 
regulating  switch. 


A  table  of  machine  tests  in  a  somewhat  different  form  is 
appended : — 

Condensing  Plant, 

One  10  h.p.  motor  220  volts  driving  direct  coupled  3-in.  centrifugal 
pump,  driving  also  with  belt  air  pump  9^in.  diameter  by  9-in.  stroke, 
and  feed  pump  2-in.  diameter  by  9-in.  stroRe.     Boiler  pressure  200  lbs. 


Operation.               1    Reva. 

• 

\mpB. 

Volts.      ^ 

T'acuum. 

Electrical 
H.P. 

Electncal 
H.P. 

Actual  per 
Operation. 

Total. 

Centrifugal  pump                 1100            0 

240    : 

1-9 

1-9 

Ditto  with  air  and  feed 

1 

pump         ...         160          12 

240     1 

27  in. 

3-8 

1-9 

Brci8s-Shop  Motor.     5  H 

'orse-Powi 

jr.      24C 

Volts, 

Operation. 

Revs. 

Volts. 

1 
Amps. 

Electrical 
H.P.      1 

Electrical  ' 
H.P. 

Actual  per 

Total.     ' 

Operation. 

Motor  and  shaft     ....         220 

250 

7  0      1 

2-3 

2  3 

Disc    grinder,   18-in.    emery  diKcs 

running  light               .        .        .1800 

246 

8-5 

2-8 

0-5 

Facing  O^-in.  brass  valves       .        .        1800 

246 

24  0 

7-9 

5-6 

6-in.  capstan  lathe  (light) 

248 

975 

3-2 

09 

Turning  and  screwiue  l^iu.  brass  j 
bura  for  f-in.  tap  bolts        .         .   ; 

248 

120 

40 

1-7 

Parting  ditto \       '" 

1  ^ 

10-0 

8-3 

1-0 

. . 
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Air  CovipresRor,  Belt  dHving  from  Motor, 


Operation. 


Motor,     shafting,     and 
pumps 


Pumping  up   to   maxi 


R^-VR. 


}  175 


mum  pressure 


maxi-    I  170 


^oltK. 

1  Amps. 

Electrical 
H.-P. 

Remarks. 

230 

22 

"{ 

Air  compressor,  9-in. 
diameter,  lO-in. 
stroke 

230 

70 

21-5  ; 

Maximum  preMure. 
80  lbs. 

Pattern  Shop  Motor.     15  Horse-Power  Motor,     220   Volts, 


Operation. 

1 

Revs. 

1                1 

Amps. 

Volts. 

Electrical 
H.P. 

1 

Electrical  \ 

H.P.      ! 

Motor  and  shafting 

Circular  saw,  2  ft.  8  in.  diameter, 

170 

9-5 

233 

Total. 
2-9 

Actual  peri 

Operation.; 

2-9 

running  light      .... 

Cutting  yellow  pine  11  in.  deep,  J 
7  ft.  per  minute .        .        .         | 

Thickness  machine,  2  ft.  6  in.  bed, 

800     ' 
Max.    1 

;    Min.     1 
Average' 

10-5 
40 
18 
29 

233 
233 
233 
233 

3-2 

12-4 

5-6 

9 

0-3       ' 

9-2 

24 

5-8       j 

running  liglit      .... 
Surfacing  yellow  pine  11  in.  wide, 
13  ft.  per  minute 

3800     '' 

12 
17  9 

230 
232 

37 
5-5 

0-8 
1-8      ; 

37  Hoi'se-Power  Mot  or » 


Operation. 


RevR.       Ampn.      Volts. 


Motor  and  shafting 

Circular  saw,  3  ft.  dianieter,  run- 
ning light    1200 

Sawing  yellow  ]>ine  11  in.  deep, 
20  ft.  per  minute 

Circular  saw,  33  in.  diameter, 
running  light 

Cross  cut  lignum-vitae,  9^  in.  deep 
X  18  in.  long 


Electrical   Electrical 
I      H.P.      I      H.P. 


12 

i 

230 

Total. 
37 

i Actual  peri 
Opemtian.: 

i        ^^       \ 

21 

230 

6-4 

\        27 

71 

230 

21-5 

,      15-1 

26 

230 

80 

4-3 

41 

230 

12-6 

4^ 

1 
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en  Lollies,   evvry    blast- furnacfi   owner  would    have  a  very   large 
suifilus  of  power  for  Ma  steel  or  other  works,  iu  the  form  of 

eh^ctricity  or  otherwise. 

It  would  be  impossible  to  overrate  this  new  development  in 
power  production.  In  Great  Britain  really  lai^  sources  of 
water  power  are  practically  unknown,  and  the  sources  from  which 
electricity  can  be  produced  most  economically  will  be  un- 
doubtedly due  to  the  development  of  large  power  gas-engines 
making  use  of  the  surplus  gases  from  the  blast-furnaces,  which 
would  otherwise  be  wasted. 

Engines  have  been  constructed  and  are  at  work  of  1200 
horse -power,  and  an  engine  of  this  type  is  now  building  for  no 
less  than  2500  horse- power. 

The  Development  of  Electeic  Power  Cobipakies. 

During  the  past  two  years  great  activity  has  been  displayed 
in  England  in  the  formation  of  large  electric  companies,  dealing 
with  extensive  tracts  of  country  and  covering  under  their 
parliamentary  powers  vast  areas  for  the  supply  of  electricity 
in  bulk  to  tmmway  companies^  electric  light  companies^  works 
owners,  and  for  manufacturing  purposes  generally- 

In  certain  cases,  and  under  favourable  conditions,  with  regard 
to  the  district  to  be  supplied,  these  companies  may  meet  with 
success,  but  in  many  cases  the  author  is  of  opinion  the  matter 
has  been  rushed  into  somewhat  precipitately.  Takings  for 
instance,  a  district  of  a  fairly  concentrated  character,  one  in 
which  a  large  number  of  small  works  and  factories  exist,  ab- 
sorbing each,  say,  100  to  200  horse-puwer,  it  might  be  found 
that  with  the  power  company  supplying  them  with  electricity 
at  Id.  per  unit  it  would  be  more  profitable  and  convenient  to 
them  to  obtain  their  power  from  tlie  company  in  preference  to 
laying  down  their  own  plant.  In  cases  such  as  this,  the  power 
companies  should  have  a  good  field  before  thenj,  Whea, 
however,  the  power  company  enters  the  field  in  districts  where 
all  the  works  are  of  an  extensive  character,  and  absorb  500 
to  5000  liorse-power  in  electric  current  each,  the  case  changes 
its  asjiGct,  find  it  will  be  found  that  it  will  be  more  profitable 
for  the  works  owners  to  produce  their  own  power. 
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The  enormous  developments  and  strides  which  have  been  m\ 

during  the  past  ten  years  in  this  branch  of  engmeeri ug  tend  io^j 
the  direction  that  every  works  owner  and  engineer  should  acquire 
a  thorough  knowledge  of  this  subject. 

We  have  in  Great  Britain  been  somewhat  slow  in  making  use 
of  all  the  advantages  which  electricity  has  enabled  us  to  reap, 
lu  many  parts  are  to  be  found  the  same  old  low-pressure  boilers^ 
which  have  done  service  for  the  past  thirty  years,  with  working  ■ 
pressures  as  low  as  15  lbs.  per  square  IiicIl  In  other  works  are 
still  to  be  found  the  same  old  beam  engines  constructed  in  the 
days  of  Watt  and  Stephenson,  Works  are  still  to  be  found  in 
which  over  100  small  high-pressnre  and  non-condensing  engines 
are  distributed  with  their  mileage  of  steatu  pipes  tbruugbout  the 
works — little  or  no  attempt  haviog  been  made  to  improve  this 
state  of  a65airg.  It  is  in  cases  such  as  tbese  the  author  trusts 
this  paper  may  be  of  service,  by  showing  clearly  and  in 
practical  manner  the  actual  result  which  would  accrue  from  tha 
remodelling  of  the  driviug  arrangements  upon  the  electrical 
method. 

In  no  country  have  we  finer  examples  before  us  of  the 
achievements  of  electricity  as  a  motive  power  than  in  Gerraany^ 
and  we  must  all  admire  the  skill,  ingenuity ,  and  above  all^  the 
enterprise  of  our  German  friends  in  this  direction. 

There  are  many  outlying  advantages  which  would  accrue 
were  works  and  industrial  establishments  driven  electricaliy* 
There  would  be  an  enormous  reduction  in  the  smoke  produced 
in  large  manufacturing  centres,  and  a  proponionate  increase  in 
a  healthier  state  of  things  for  the  inhabitants. 

In  these  days,  when  the  idea  of  coalfields  giving  out  i» 
mooted  J  there  would  be  a  perceptible  di  Sere  nee  in  the  quantity 
of  our  coal  consumption^  which,  akliough  perhaps  unpalatable 
to  the  coal-owner,  would  be  most  welcome  to  the  manufacturer, 
who  aims  at  the  lowest  cost  of  production*  The  application  of 
electric  power  to  the  iron  and  steel,  engineering,  and  manu- 
facturiug  industries  in  Great  6riti\in  has  certainly  not  developed 
with  anything  like  the  rapidity  with  which  it  has  progressed  in 
America  and  on  thn  Continent,  and  the  author  has  often  wished 
to  ascertain  the  reasons  uiuh'Tlying  tiiis  retarding  iutluence. 

Generally  speaking,  the  powers  and  responsibility   vested  in 
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abroad  affer  a  case  in  which  eDorioous  savings  could  be  effected. 
The  reductioa  in  working  costs  of  a  QUmber  of  shipyards  with  j 
which  the  author  is  acquainted  has  varied  between  30  f»er  cent, 
and  60  per  cent     If  this  same  saving  cotild  be  effected  lq  similar  ! 
establishments,  such  as  our  Government  dockjarda^  the  result  j 
would  be  highly  beneficial  to  t!ie  country* 

In  placing  this  paper  before  the  Iron  and  Steel  Institute, 
the  author's  one  endeavour  has  been  to  show  what  are  the 
immense  possibilities  and  advantages  to  be  derived  from  care- 
fully considered  electric  power  scli ernes.  He  has  done  his  best  I 
to  put  the  subject  forward  plainly  and  in  a  practical  light,  and 
if  in  the  preceding  pages  he  has  given  data,  information,  and 
subjects  fur  thouglit  and  consitieratiun  to  the  members  of  this 
important  Institute  his  task  will  have  been  amply  repaid. 

The  author's   thanks   are   due   to  the   following  firms  for   in-^ 
formation  kindly  placed  at  bis  disposal : — 

The  Lalimeyer  Electrical  Co,,  Ltd,,  London ;  Messrs.  Siemens  ] 
Bros.  &  Co.,  Ltd*,  Lomlon ;  Messrs.  Laurence  Scott  &  Co*,  Lt<ii, 
Norwich  ;  Messrs.  Richanisons,  Westgarth  &  Co.,  Ltd.,  Hartlepool  j 
and  Middlesbrough;    Coh   Crompton,   London;   Messrs.  Ern^t] 
Scott    &    Mountain,    Ltd.,    Newcastle-on-Tyne ;    Messrs*    J.   H. 
Holmes  &  Co.,  Newcastle-on-Tyne  ;  Messrs.  Dorman,  Long,  &  Co* 
Ltd,.  Middlesbrough;  Messrs,  Archibald  Smith  &  Stevens,  London d 
The  Westinghouse  Co,,  London  ;  Mr.  Alexander  Siemens,  Ixmdon  ;J 
Professor    Salomons,   Frankfurt;    The    AUgenieine    Electricitat«] 
Gesellschaft,  Berlin;  The  Compaguie  Internationale  d*Electricit4, 1 
Liege  j    Messrs,    Guest,   Keen   &  Nettlefolds,  Ltd. ;    Sir  James] 
Laing  &  Sons ;  Messrs.  Short  Bros. ;  Messrs.  Craig  Taylor ;  and  j 
Messrs.  Scott  &  Co, 


The  Pkksiuent  said  they  were  very  much  indebted  to  the 
author  for  putting  so  clearly  and  succinctly  before  them  his 
experience,  which  was  a  very  extensive  one,  as  U*  what  had  bmn 
done  in  electrical  developmeiit  in  various  parts  of  England, 

There  was  another  excellent  paper  by  Mr,  Xylberg,  of 
Benrath,  near  Diisseldorf,  and  he  was  very  sorry  that  they 
would  not  have  time  to  read  it  in  fulL  The  Secretary  wouW 
read  an  abstract  of  the  paper,  and  then  they  could  discuss  it  in 
conjunction  with  Mr,  Seiby-Bigge's  paper. 


250    1HE  m%  OF  ELicTUicnr  in  irof  and  strel  works. 

in  particalar,  which  are  laid  out  for  production  on  a  laige 
scale,  have  achieved  wonders  in  the  use  of  electricity  although 
thej  have  only  recently  begun  to  employ  gas-driven  engines. 
Ihese  Ametican  appliances  have  often  been  introduced  into 
Europe  without  regard  as  to  whether  they  were  adapted  td 
European  conditions,  with  the  couBequent  result  of  occasional 
failure.  The  author  proposes  in  the  following  paper  to  describe 
some  developments  Uaaed  on  Americau  experience  and  adapted 
to  European  requirements. 


Skction  I. 

Ga^-Ihi'&en  Mfu/inesfm*  Ge^i^raimff  Mlr-etficUy  m  CefUrai  Staiiom^ 

Descriptions  of  the  central   power  stations  and  gas- washing 
plant    at   the    Diflerdingen  ironworks   and    at    the    Diidelingen 
Eisenhiitten-Aktitinverein    in   Luxenjburg   appeared   recently  in 
Stahl    luul    Emn*    in    which    much    information    was    ^i%'en 
regarding    the  consumption    of  gas   per   horse-power  per  hgur, 
hesides  a  number  of  analyses.     Additional  interesting  facts  have 
since  then  been  noted  during  the  long  period  of  constant  work- 
ing of  the   blast-furnace  gas  engines  at  iJififerdingen,  and  by 
the   kindness  of    the   managing    director  tbe  atithor  has   beea 
permitted  to  publish  these.        In    Dififerdingen  there  are   nine 
bla^t- furnace  gas  engines  of  the  Cockerill  system^  each  of  which 
consumes^  according  to  the  various  tests  made,  2*9  cubic  metrea 
of  gas  per  horse-power  per  hour.     Of  these  nine  gas  engines, 
eacli  of  600  horse- power,  six  are  available  as  blowing  engines 
for   the  four  blast-furuaces,  and   the   remaining   three    for  ibe 
generation   of    electric   energy    for   the  works.       Besides   these 
there   are  two    smaller    gas   motors,    each    of  75  horse-|>ower, 
for   the    purpose   of   electric    lighting.      The   gas-washing   in- 
stallation at  Differdingen  is  also  working  at  the  present  time  in 
a  manner  which  exceeds  all  anticipation.     The  results  of  triaU 
have  shown  that  the  gas  which  comes  direct  from  the  blast* 
furnace  contains    10    grammes  of    dust    per    cubic  metre.     In 
observing  this  gas  in  its  progress  through  the  cleansing  processi 
the  following  facts  may  be  noted. 

•  Vol.  uti.,  pp.  A^-Ab%  4S9-5H. 
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Section  TL 

Ekdric  Shunling  and  Mine  Locomotives  (Fig.  1), 

The  ^Teat  advantages  of  the  utilisation  ol  electric  power  as  i 
compared  with  steam  are  particularly  noticeable  in  this  coimec- 
tion,  as  is  proved  by  the  reduction  in  the  cost  of  working  and 
an  efficiency  hitherto  unattainable.  The  following  are  the  two 
types  of  locomotives  which  have  proved  most  serviceable :  first, 
the  shunting  locomotive  of  medium  tractive  power  and  high 
speed ;  and,  secondly,  mine  locomotives  of  high  tractive  power 
and  low  apeed.  Both  of  these  types  are  distinguishable  from 
one  another  chiefly  by  their  general  mode  of  construction.  The 
following  are  the  chief  points  in  the  construction  oF  standard 
electric  locomotives.  Each  axle  is  driven  by  a  special  motor,  by 
which  means  great  efficiency  and  high  tractive  power  are  assured, 
The  motors  are  moreover  arranged  that  any  one  of  them  can  be 
cut  out  if  desired,  and  as  the  result  tlie  speed  of  the  engine  can 
be  regulated  according  to  the  load.  The  shacks  experienced  at 
starting  and  stopping  are  also  less  severe*  The  accompanying 
tables  give  the  dimensions  and  capacities  of  the  standard  types  of 
locomotives  as  constructed  by  the  Benrath  Engineering  Company* 
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special  attention  to  the  avoidance  of  tlie  use  of  wire  rop^,  TBtl 
transport  of  the  materials  upon  tlie  overhead  track  is  effected  bjr  ] 
means  of  an  electrically  driven  trolley,  equipped  with  a  hoistin 
arrangement  of  simple  design.  This  trolley  can  be  construci 
with  either  one  or  two  jiha,  within  the  ran^jje  of  whicli  are 
ship  at  the  one  extremity  and  the  railway  track  at  the  otl 
The  transporting  capacity  of  the  Ben  rath  conveyers  is  ootisider* 
alile,  varying  between  80  and  100  tons  of  ore  or  coal  per  lioiir.  ll 
iB  a  further  advantage  of  this  system  that  for  the  manipulatirm  of 
the  entire  transporter  only  one  operator  is  necessary.  Moreof 
after  each  lift  that  portion  of  the  jib  projecting  over  the  sbipl 
automatically  drawn  back,  so  that  either  tlm  ship  can  be  warped 
or  the  travelling  bridge  be  moved  along  without  the  uecessity  of 
folding  up  any  part  of  the  bridge. 


Section  IV. 

Skcirieallf/  Driven  Ore-  Tran^po-rting  Arra^i^ements  bcfieufh  ike 
Bins  mid'  tite  Medric  BlaM-Fm-nace  Charter  (Fi^s.  2,  3,  and  1)» 

After  the  ores  have  been  conveyed  to  the  ore  tipping  gxoundJ 
or  to  the  ore  bins  by  means  of  the  transporter  previously  de* 
scribed,  it  is  an  essential  condition  that  the  ore  and  coke  should! 
be  transferred  to  the  top  of  the  blast-furnace  with  the  least' 
possible  handling  and  cost  of  labour*  For  the  performance  of] 
this  work  also  electric  energy  ia  admirably  adapted.  Fig, 
shows  a  charging  apparatus  in  the  design  of  which  particular  < 
attention  has  been  paid  to  the  following  points : — 

(1)  The  whole  of  the  mechanism  is  driven  electrically, 

(2)  Hopper-shaped  trolleys  are  provided  to  run  beneath  thej 
ore  bins. 

(3)  A  single  hoisting  arrangement  serves  several  blast- furnaces. 
Parallel  to  the  row  of  blast-furnaces  are  arranged  the  two  ore 

and  coal  bins,  which  are  filled  direct  by  the  ore  transporter  or] 
from  the  railway  cars  on  a  track  above  them.  Below  these  binai 
runs  a  hopper  trolley,  which  can  be  filled  from  any  one  of  the  bins  ^ 
above  it  A  transfer  car  run  a  along  parallel  to  the  row  of  blast- 
furnaces j  which  conveys  the  hopper  to  the  hoist,  wliere  it  is ' 
tipped  into  the  hoisting  skip*     This  skip  is  attached  to  a  trolley 


26a 


regar 
is  to 
the  n 
and  v«. 
or  fo 
powe 
is  CO 
hand 
powe 


ropes  y 
spine*./. 


THE** 


m 


H 


w^ 

r 

E 

jn 

2d6 

^^^^^^^^^^m 

regai 

is  in 

thd  I 

and    " 

or  fu 

po  wt 

f "',       ^ 

_  i_ 

haiKJ 

-  «: 

powt 

turu  ^ 

>ii 

? 

< 

rop&\ 

^ft        spin  ^ 

H         at  fi  " 

H          eiec^ 

^-— 

--^-tn:^^?^^^^ 

V         advf 

r 

..  -»\ 

H         ia  t 

i 

H             /^ 

1' 

H          com- 

H          and  ^ 

-— 

H      It  1^ 

^^^    nnt^ 

^^H  mtBh 

^^^  ingr 

■          this 

■         he  I 

3 

1 

^,         tbef 

1  ^ 

^^r 

V         has* 

H          din 

H           thiE 

^^^^K- 

••.•-t  I 


256 


rega: 
is  in 
the  1 
and 
or  ii 


A 


pOW( 

is  ni  I 
banc  J 


ropn 
8pin  I 

at  4 
eled§ 

adv 


,t 


in 

cont 
aud^ 
It  i^^ 
imtj 

ing^ 

be  I 

mo , 


JTfTF  NFVV  VOKllI 


256 


rega 
IB  in 
the 

and  ^ 

or  f" 
pow 
is  H" 
ham 
pow 
turtle 


spic ; 

at  fi; 

elecj 

adv 

in  t 

com" 

and," 

nut. 
acre 

m\ 

this 
he 
tno' 
the 


P 


has 
dif 
thi 


i» 


\jir 


o 


TM 


>  M 


•  ^  t 


256 


rega 
Lb  in 
the 
anil  • 

or  U 

pow 

is  HI  , 

han* 

pow 
turn. 


*♦»)*«/»  A 


apiB? 

at  a: 

adv    I 
in  1/ 

conrf' 

and' 

Iti 

nut 

Bcrt 

ing. 
tbit 
he 

the' 


♦ 


has 
dir 
thi 


256 


L 


rega 
ia  ID 

and 

or  U 

pow 

ia  u\ 

haDi 

pow 

tail] 


spin; 
at  fi 

adv 
ia  r 

con! 
and" 
It  i 
nutj 

acrt 

thi£: 
he 
mo 
tbe^ 


u 


haf 
dir 
thL 


256 

rega 

is  in 

the 

an*l  * 
or  i* 
pow 
is  ni 
ham 
pow 


15    \^^ 


-t 


T=F 


I. 


oirt 


n 

ropii 
spiri 
atE| 

advl 
in 

CQV 

Midi 

Iti^ 

thi^ 
he 
tno , 
thef 


FLiir 

i 

^»ri( 

1 

J 

1: 


*  1* 


dir    . 
thi 


Mm^mtwwim*  ii»»"l  i  m^  ^»— npit  ■  ■  iH 


ri^^H 

^H 

►     1    ^^ 

ro*l 

i^       ^                BQt 

'                                       '     •     '^             of 

UIb 

.           J             me 

!                             I  r                  to 

Id- 

*                       an 

i                                                                 er- 

tt 

i 

1       .^    ^M 

'.  f"^ 

Tk             ^            ■•'      'the       1 

1 

\l                            i 

ail       1 

1 

rat        1 

les,        1 

er.        1 

tpt 

be 

,'ot 

les 

ral 

•11. 

'                    1                                                                   th 

.'Ot 

ds 

1                                                                   se 

1                                       V                      in 

'                               I                                                                     or 

-^ 

'                  .;     ^    "" 

1                                       _-!'          .             to 

./■            *^'   'h,- 

m                                   ^     ■ 

25 

re| 

is 

the 

an< 

or 

po 

is 

ha: 

po- 

tui 


', ...  i  ^    ^ 


roi 

spi 

at 

ele 

ad^ 

in 

cor 

aiu 

It 

nui 

Bcr 

ing 

thi 

he 

1110 

the 


^ 


has 
dir 
thi: 


21 

re 
is 

th 
ai 

01 

P< 
is 
hi 

P^ 
tu 


ro 
sp 
at 
el( 
ad 
in 

CO 

an 
It 
nu 

8C1 

in| 
th 
he 
ni( 
tht 


^'  -  yC^^ 


ha  j 
dii  * 
thi       i 


256 

rega 
13  in 

tlie 
and  ■ 
or  f* 
pow 
is  li^ 
ham 
pow 
tun 


i4r 


T  r.  ,  t 


ropil 

iipit 

aid 

elecR 

advj 

m  1/ 

conf! 

andii 

Iti^ 

nut| 

sen 

ing; 

thi^ 

he 

1110 


I 

f 
f 


vv 


Li 


har, 

diT 
tki 


_L-_ 


I    ;ft     t» 


«  .    • 


^       w    ^  « 


256 


rega 
is  ilk 

the 
and  ' 
or  f^ 
pow . 
is  n^ 
ham 


256 


I 
1 


POiitlL 


256 

rega  « 
is  in  ^IJ 

the 

andi 

or  I*  J 
pow ' 

IS  0^ 

.      ham  • 

pow<  ^ 

turij„ 

I       spiT| 

■        at  b. 

adv 
iu  y 

COB 

atid 

It  i] 

BQtl 

set* 
ing* 
thif» 

lie 
uio 


» 


I 


has- 

dir  ' 
Ihi 


58      TITE  USE   or  ELECTRICITY   IN   IROIT 


WOB 


same  tongs  and  convey  them  to  the  soaking  pits*     After 
healing,  they  are  extracted  and  carried  by  the  same  cTane  to  tj 
live  rollers.     An  electrically  driven  soaking  pit  crane  with  mi 
matie  gripping  tongs,  with  the  raising  and  lowering  of  the  in 
effected  by  means  of  a  screwed  spindle,  and  one  operator  oral 
necessary  for  the  ser^^ce  of  the  crane  and  manipulation  of  tl 
tongs,  has  been  in  operation  for  several  years  at  tlie  Differtliag€ 
works,  and  from  the  time  that  it  was  first  put  into  operation  bi 
worked  admirably^  dealing  with  the  entire  production  of  iuj^fol 
made  at  these  works. 

In  this  connection  mi^ht  be  mentioned  the  well-known  cba 
ing  machine  for  open-hearth  and  horizontal  re- heating  fumae 
by  means  of  which  considerable  economy  in  power  is  secured^  arf 
well  as  in  increased  efficiency  of  the  steelworks.     These  machine 
also  bear  further  testimony  to  the  advantage  of  applying  ele 
tricity  as  a  source  of  power  in  the  steel-makiug  industry. 

Section  X. 

Elechi^^il  Appliance  Jot  Lifting  the  Soakim]  Pit  C&oirs? 

Among   the   more  recent  electrical   appliances   for  iron  an 
steel    woiks    may    be    mentioned    the    Jever    combination    fd 
raising    the    lids    of    soaking    pits.     By   the    adoption   of   thj 
arranj^ement  hydraulic  cylinders^  which  are  ordinarily  used 
carry  away  tlie  covers  of  these  pitSt  can  be  dispensed  with,     Ti 
apparatus  is  constructed  to  span  one  to  three  rows  of  sa 
pits,  and  is  able  to  serve  a  y^ry  large  number  of  these. 


Seotion  XL 

Live  Eoiler  Primig  Gear, 

In  the  general  construction  of  electric  driving  gear  for  lil 
rollers,  as   usually   carried    out,  two   motors  are   used  for 
heavier  roller  trains  for  ingots  or  for  long  transporting  trains  i 
rollers-     In  other  eases  a  simple  driving  gear, with  one  mot 
Is  employed  for  standard  roller  trains  of  lighter  coustructiod 
These  trains  of  rollers  are  so  well  known  tliat  to  describe  theQ 
in   detail   here  would   he  superfluous.     It  is  only  necessar 
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illustrated  in  the  present  paper  has  the  advantage,  as  oonipared 
with  the  American  design j  that  the  driving  of  the  screw  adjitat- 
ing  gear  is  effected  by  means  of  two  motors,  one  on  either  fiWe 
of  the  housing.  Either  motor  can  be  cut  out,  or  they  can  work 
together  in  the  same  manner  as  described  in  the  earlier  portion 
of  the  paper^  by  which  means  the  speed  of  adjustment  can  be 
varied  as  desired.  The  system  of  two  motors  ensures,  besiaes, 
a  greater  precision  of  action,  and  in  case  either  motor  is  incupt- 
citated  from  any  cause,  the  other  wonld  still  be  sufficient  to 
jierforra  the  necessary  work  of  adjustment. 

The  upsetting  and  transferring  gear  is  also  electrically 
operated  in  many  instances,  and  the  hydraulic  arran  gem  cuts 
hitherto  in  vogue  have  been  superseded.  An  electric  ingot  tilting 
cradle,  shown  in  Fig,  10,  is  also  of  novel  design,  and  has  manj 
advantages  over  the  older  hydraulically  worked  appliiiDcet 
hitherto  used  for  placing  the  ingots  upon  the  live  roller  tabla 

Section  XI  IL 

Elmtrkally  Driven  Hoi  Saw* 

For  cutting  the  sections  as  they  come  from  the  fiuistiing 
rolls  various  kinds  of  swinging  saws  have  been  invented  driven 
by  steam.  In  all  these  arrangements  the  advancement  of  the 
saw  was  always  effected  by  means  of  the  hydraulic  cylin^ler. 
An  electric  counterbalanced  hot  saw  is  made  intended  to  replacft 
the  hydraulic  cylinder,  the  saw  itself  being  also  driven  by  ^ 
electric  motor.  With  tlus  hot  saw  girders  of  a  depth  of  550 
millimetres  (22  inches)  can  be  cut.  The  diameter  of  the  diic 
is  1500  millimetres  (4  feet  11  inches),  and  the  velocity  at  the 
periphery  is  60  metres  per  second  (198  feet).  The  power  ueee*- 
sary  for  driving  the  saw  is  about  60  horse- power,  and  it  i» 
capable  of  making  five  cuts  per  minute. 


SkctioK  5 IV, 

AdjuMahk  Slop  for  iie/^idating  tht  Lent^tk  of  trirdcrs 
Cul  hj  ike  Hot  Sau\ 


' 


This    arrangement  is   exceedingly    convenient    for    adjastinR 
the  length  of  the  material  when  cutting  the  differeiit  sectioi** 
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mill  amoutits  to  35  tons  of  wire  of  5  millimetres  diameter  in  10 
hours,  ^rhe  driving  of  the  rolling  mill  illustratad  in  Fig.  IS  ii 
effected  bj  means  of  three  tDOtors,  The  initial  outlay  is  therefore 
somewhat  more  considemblep  but  on  the  other  hand  a  greatlf 
iucreased  output  is  secured. 

In  general  the  following  principle  may  he  takeu  a$  appli- 
cable in  the  standard  practice  of  electric  driving  in  ironw^jrlis: 
that  the  motors  should  be  of  aa  oearly  as  possible  the  sami 
power  and  type.  By  this  means  the  cost  of  repair  is  leaa&ii«4 
aud  the  changing  of  the  working  parts  when  worn  out  can  be 
more  easily  effected. 

Section  XVII. 

Before  concluding  this  paper  mention  should  be  ruade  of 
two  appliances  of  special  construction  where  a  great  advantage 
is  secured  if  electric  driving  is  adopted. 

All  works  which  are  engaged  in  tlje  manufacture  of  tires  or 
of  rolled  dise^  have  experienced  the  difficulty  of  producing  a 
uniform  thickness  in  the  material  of  the  tires  and  wheels  whan 
using  rolls  held  up  by  hydraulic  power.  The  material  ia  ofteo 
unevenly  heated,  and  in  consequence  on  acconnt  of  the  evtji* 
pressure  of  the  rolls  an  uneven  thickness  results  in  the  coldel! 
parts  of  the  rings.  This  defect  is  entirely  overcome  by  means 
of  the  tire  rolling  mill  shown  in  Fig.  14.  The  pressure  oa  tU' 
rolls  is  maintained  by  means  of  two  levers  which  are  conuecie' 
by  a  counterbalanced  square  threaded  screwed  spindle*  Tb' 
screwed  spindle  ib  driven  by  means  of  two  motors  whk^ 
can  be  operated  together  or  either  can  be  cut  out*  Tbe 
method  can  be  applied  also  to  the  manufacture  of  discs,  whe 
the  two  rolls  which  give  the  pressure  are  held  up  by  means  of  ^ 
counterbalanced  screwed  spindle  which  is  also  driven  by  elect] 
motors  as  above  described. 

In  the  stock-yard  of  a  large  ironworks  it  is  also  of  couside^ 
able  advantage  to  employ  the  system  of  cranes  known  as  cant-' 
lever  cranes,  whicli  traverse  the  whole  length  of  the  yard,  af*' 
are  so  constructed  that  the  projecting  arms  of  the  centre  crai^ 
can  just  touch  the  outer  extremities  of  the  two  outside  crao* 
By  means  of  this  arrangement  the  expensive  structural  ironwo 
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DISCUSSION. 

Sir  Lovi'THlAN  Bell,  Bart,,  Past-President,  wished  to  sajafew 
words,  aud  he  would  first  direct  his  observations  to  the  puper  bj 
Mr.  Selby-Bigge,  It  had  been  recognised,  of  course,  so  f requeiitlv 
that,  where  you  have  a  great  distribution  of  power  exteuding 
over  a  great  area,  electricity  was  certainly  by  far  the  best 
meana  of  distributiug  that  power,  and  tlierefore  he  need  not  take 
up  their  tiuje  upon  that  point  He  would  only  call  their  atten- 
tion to  the  fact  that  Mr,  Selby-Bigge  waa  entitled  to  tlieir 
thanks  lor  having  reduced  that  to  an  ascertained  fact,  and  had 
given  figures  in  support  of  it,  and  for  putting  before  them  m  | 
very  clear  terms  the  amount  of  the  saving,  lu  that  way  they  J 
ought  to  look  upon  the  contribution  of  this  ]>aper  as  a  verj 
valuable  one  in  their  transactionsp  In  his  own  experience  thej 
had  just  finialied  puttin^^  up  a  very  large  rolling  luill  for  the 
purpose  of  rolling  large  girders*  A  great  deal  of  the  work  d 
the  operation  was  driven  by  electricity.  He  might  meatioa 
many  other  things  that  they  had  electric  power  for,  which 
enabled  them  to  change  the  rolls,  the  standards,  and  every  thing 
connected  with  them^  in  an  incredibly  ihort  apace  of  time,  iud  ! 
he  had  little  doubt  that  electric  power  would  be  largely  appealed 
to  for  helping  them  in  economising  their  production.  Mr. 
Selby-Bigge  had  been  employed  by  his  own  firm  on  maay 
occasions,  and  anything  that  he  put  forward  was  entitkd  to 
their  very  serious  consideration,  and  was  deserving  of  evefj 
attention.  I 


Professor  Salomons  (Berlin)  said  he  fully  agreed  with  tk« 
paper  of  Mr,  Selby-Bigge,  and  appreciated  most  of  his  figures  on 
producing  electricity,  and  the  savings  which  could  be  obtained. 
Ten  or  twelve  years  ago  in  Germany  the  electric  motor  ^** 
almost  unknown  in  the  factories,  and  was  even  looked  upoo 
with  suspicion,  because  their  mechanical  engineers  did  not  kno* 
it,  and  now  tliey  would  find  many  thousands  of  motors  wit!i 
hundreds  of  thousands  of  horse-power  j  and  in  that  very  di*" 
irict  of  Diisseldorf  there  was  no  large  plant  without  the  dyustfl^ 
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The  last  part  of  Mr.  Selby-Bigge' s  pap^r^  as  to  the  scope  and 
authority  of  the  works  manager,  was  of  particular  interest,  inas* 
mucb  as  it  accounted  for,  in  a  very  great  maimer,  the  lack  of 
development  along  these  lines  in  the  United  Kingdom,  and  the 
experience  of  the  Westinghonse  Company  veritied  the  author's 
statements* 

On  the  other  side  of  the  Atlantic  a  works  manager  would  go 
to  his  directors  and  outline  the  work  that  he  purposed  to  cartj 
out,  and  his  report  was  more  for  their  information  than  for  their 
approval.  Of  course,  if  he  should  suggest  in  liis  report  improir©- 
ments  that  meant  changes  of  too  radical  a  nature  which  apparently 
did  not  seem  justified,  he  would  probably  be  asked  to  revise  it. 
In  a  great  many  instaneeSj  however,  the  works  manager  ^oM 
have  already  made  arrangements  for  the  execution  of  his  policy 
before  submitting  it  to  the  directors* 


Mr.  Stottner  (of  the  German  General  Electric  Company)] 

he  should  like  to  make  a  few  remarks  as  to  technical  adf 
about  electricity.  There  were  no  doubt  great  authorities  oo 
subject  in  the  United  Kingdom,  but  they  bail  also  a  great 
whom  he  could  not  call  otherwise  than  pirates  in  the  ekctrie 
profession.  From  experience  he  knew  of  a  good  many  easel 
where  firms  had  been  advised  quite  contrary  to  what 
necessary ;  and  if  all  the  gentlemen  present  had  as 
knowledge  of  electricity  as  they  had  of  the  making  of  iron  i 
steel,  sometimes  their  hair  would  stand  on  end  if  tbey  read 
reports  of  pirate  consulting  engineers  who  were  paid  consider 
fees  for  their  advice*  He  did  not  go  as  far  as  Mr,  Cromptcn  < 
a  few  weeks  ago,  but  be  could  not  lielp  saying  as  much  as 
had  done.  It  was  only  natural  that  a  firm  with  good  experie 
and  a  good  reputation  should  be  much  more  able  to  '^ive 
best  advice,  and  had  certainly  more  at  stake  than  one  sin 
man,  unless  he  was  an  authority  and  had  an  enormous  practll 
It  was  true  that  the  application  of  electrical  transmission  hi 
not  made  the  strides  in  England  that  it  had  in  Apierica  and  un 
the  Continent,  They  had  already,  however,  some  stibstanlial 
proof  that  it  was  being  seriously  considered,  and  if  the  Britisli 
Government  drove  the  whole  Royal  Arsenal  at  Woolwich  el^ 
trically,  and  if  Armstrong,  Whitworth  &  Company,  and  VickeH 


263 


ELECTHIC   POWER   IH   IRON   AND    STEEL   WORKS. 


Siemens,  in  whicli  the  losses  between  the  point  of  generauon 
and  that  of'  application  were  given.  It  always  appeared  to 
hii  mind,  and  especially  in  papers  of  this  kind  read  before  tlie  , 
practical  members  of  the  Iron  and  Steel  Institutej  that  whan 
the  cost  of  power  was  given  it  should  rather  be  the  cost  at 
the  point  of  application.  The  advantages  of  electric  driving 
are  thus   much  enhanced. 

Thirdly,  in  the  paper  of  Mr.  Kyi  berg  he  noticed  that  no 
coats  of  working  w^ere  given,  and  he  supposed  it  must  be  assume  J 
that  the  appliances  named  paid  bis  clients,  because  the  instances 
of  electric  driving  were  so  nuTnerous  and  varied.  The  paper  vrm 
defective  in  this  regard,  because  it  was  impossible  to  judge 
whether  some  of  the  machines  described  were  applicable  to  con-* 
ditions  obtaining  in  Great  Britain. 

The  gentleman  who  had  just  sat  down  had  been  good  enough 
to  throw  stones  at  consulting  engineers,  perhaps  with  a  great 
amount  of  reason ;  but  he  himself  happened  to  be  one  of  those 
questionably  unfortunate  individuals.  But  the  last  speaker  dl^ 
not  seem  to  hit  him  (the  speaker)  very  hard. 

Fur  instance,  there  was  a  case  only  a  short  time  ago  in  wbii 
clients  of  his  wanted  power  applied  to  their  works  for  various 
purposes,  and  they  adopted  that  unfortunate  means  of  inviting  a 
number  of  contractors  to  tender  for  the  particular  work.  He 
had  about  twenty-seven  of  ihose  tenders  submitted  to  hiui  bf^ 
his  clients  for  the  purpose  of  advising  as  to  which  of  those  t^jaJtS 
he  might  really  consider  the  best  under  the  particular 
cumetances.  Without  going  into  details,  he  might  say  tilt 
it  was  quite  impossible  to  select,  so  chaotic  were  the  recom- 
mendations and  prices.  Tbe  matter  ended  in  his  clients  adoptip 
the  course  of  procedure  which  should  have  been  pursued  ia  1 
first  instance — that  was,  to  order  proper  specifications  to  bedroii 
up  by  the  consulting  engineer  in  no  way  associated  with  any] 
ticular  system  or  firm  of  manufacturers^  and  submit  these  to  1 
most  trustworthy  contractors  who  had  already  tendered,  Sii 
was  a  much  simpler  and  fairer  method  of  procedure  than  patti 
a  number  of  manufacturers  and  contractors  to  the  expense  i 
preparing  the  original  tenders  without  a  specification. 

These  two   papers  had   dealt  with  the  cost  of  transmit 
power   frotn   one   point    to   another.      There    was  a  very 
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superseded  other  kinds  of  motive  power  in  cases  whei 
transmisBiou  aoheme  bad  been  well  arranged.  He  hm 
had  the  opportunity  of  reading  the  paper,  but  it  seem 
him  that  Mr.  Selby-Bigge  had  been  exceedingly  fori 
ia  Ending  places  where  the  transmission  schemes  had 
very  bad  indeed !  There  ousrht  to  be  no  difficulty  in  n: 
an  improvenient  in  cases  where  there  was  a  loss  of  4( 
or  60  per  cent.  He  himself  should  be  the  last  man  t 
down  the  application  of  electricity  iti  any  form ;  he  was  a 
believer  in  it,  and  sometimes  its  cost  ought  not  to  be  take] 
account,  because  they  could  do  by  electricity  things  which 
could  not  do  by  any  other  means.  But  in  commerce  fira 
and  savings  bad  to  be  considered,  and  be  did  not  thinly 
Mr.  Selby-Bigge  allowed  enough — lie  would  not  say  for  i 
ciation,  but  for  destruction  of  plant.  His  own  experieuc 
that  all  in  a  minute  dynamos  or  motors  went  *'  Ban^i ! "  s 
cost  money  to  repair  or  replace  them.  They  had  insurance 
panies  to  deal  with,  and  they  would  not  take  the  risk  of 
for  less  than  7  or  8  per  cent,  of  the  initial  cost,  which  wasj 
considerable  amount,  If  their  dynamos  and  motors  did  not 
down  there  might  sometimes  be  a  very  large  actual  savin 
would  Mr,  Selby-Bigge  kindly  give  some  instances  where 
transmission,  as  in  a  cotton  mill,  had  been  replaced  hy 
tricity,  or  where  really  good  steam  or  shaft  driving 
supemeded  ? 


CORMESPONBENCE. 


Mr,  Joseph  Adamson  (Hyde)  wrote  that  on  k 
the  paper  by  Mr,  Selliy-Bigge  it  occurred  to  him  tba 
figures  ^'iven  under  the  heading  ^*  Motor  Tests "  wou 
very  much  enhanced  in  value  if  furtlier  particulars  &s  \ 
speed  at  which  the  work  was  done  could  be  yiven,  Ii 
as  the  figures  now  stood  they  were  really  quite  useless  alt 
apparently  very  valuable.  Tiiis  remark  did  not  apply  1 
first  portion  of  the  paper,  which  seemed  to  give  full  in  fori 
in  each  of  the  various  examples,  although  it  was  the  Srtl 
he  had  seen  a  calculation  embodying  the  cost  of  keepin] 
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Mr.   Walter  Dixon  (Glasgow)  wrote  that  he  had   listened  | 
to    the  reading  of   the    paper,  and  had  since  perused    it»   :iQd| 
he  was  sure  that  the  Itistitute  was  indebted  to  Mr.  Selbj-Biggel 
for  bringing  tlie  question  again  before  them  of  the  application  of  j 
electric  power  to  our   man ufac taring  industries.     As  he  stated,  \ 
Mr,  Selby-Bigge  was  one  of  the  earliest  in  this  field  of  industry^  | 
and  since  the  time  of  his  first  papers,  much  work  had  been  done 
by  himself  and  others,  and  the  experience  in  most  cases  woidd 
fall    into  line   with  the  deductions  brought  out  in  the  paper. 
With  reference  to  the  economies  to  be  effected  by  the  adoptton 
of  electric  driving,  while   he  (Mr*  Dixon)  had  no  disposition  to 
criticise  adversely  the  examples  given,  it  must  nevertheless  be 
borne  in   mind — ^as  the  illustrations  given  showed — that  theee 
economies  were  largely  effected  by  the   simple  process   of  in- 
stalling the  most  modern  systems  in  the  place  of  the  worst  i 
obsolete  forms  of  one  of  tbe  older  but  still  extremely  impor 
methods,  viz.  that  of  steam  driving.     In  stating  this,  he 
not  detracting  from  the  importance  of  the  examples  giveiip 
the  losing  sight  of  these  conditions  had  led  to  not  a  few  dii- 
appointing   results    owing    to    electricity    and    electric    mown 
having  been  applied  in  situations  and  under  conditions  where  it  ^ 
Was  less  adaptable  from  au  economical  point  of  view  than  otl 
systems.       Given    a   good    modern   up^to-date   compact  staafl 
driven  works,  electric  driving  must  not  be  expected  to  show  i 
results  as  were  mentioned  in  the  paper.      Sucli  establishnieii 
however,  witli  us  were  comparatively  rare  compared  with 
itinumerable  works  where  the  old  methods  were  still  in  ufl«4 
low-pressure  boilers,  uneconomical  engines,  and  distribiitioD  # 
power  to  small  engines  at  greater  or  less  distances  from  tht 
steam  boilers. 

The  re-modelling  of  such  works  with  any  kind  of  mode] 
plant  and  modern  methods  would  efleci  economies,  and  whiki 
might  be  taken  for  granted  that  electricity  was  perhaps  the  m0 
economical  power  to  apply,  in  the  experience  of  the  writer,  i 
each  case  the  comnmn-sense  of  the  mechanical  engineer,  ad 
as  tho  plausibility  of  the  enthusiastic  electrician  could  a&^ 
should  be  applied  if  the  best  results  were  to  be  obtained.  Th* 
writer,  nevertheless,  had  not  a  few  cases  in  bis  mind.  at*o 
several  of  a  most  glaring  kind,  in  which,  in  following  the  aJvic^ 
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plant,  but  this,  after  all,  in  progressive  industrial  concerns  was 
not  of  serious  motnenL 

He  (Mr.  Dixon)  had  several  instances  in  his  mind  where  it 
had  been  shown  that  it  would  he  sinipty  suicidal  ever  to  contem- 
plate the  paying  of  anything  like  one  penny  per  unit  for  the 
luxury  of  a  power  company  supply.  It  was  perliap  iwA 
neoeasaryj  but  it  would  he  a  perfectly  simple  matter  to  stot 
that  these  companies  could  not  look  to  coujpete  favourably  for 
the  electric  supply  to  such  works  as  most  of  the  members  wm 
interested  in. 

The  author  had  also  referred  to  the  question  of  the  utilisatioB 
of  blast-furnaoe  gases  This  was  a  subject  in  which  he  (Mr. 
Dixon)  had  interested  himself  since  he  took  something  to  do 
with  the  first  iustallation  that  had  been  laid  down  in  this  distni^tj 
aud,  in  fact,  in  Britain,  by  Mr.  B,  H,  Thwaite^  at  the  works  of 
the  Glasgow  Iron  and  Steel  Co.,  and  he  had  since  brought  tb^ 
subject  forward  on  two  occasions  in  papers  read  before  the  West 
of  Scotland  Iron  and  Steel  Institute.  The  difficulties  (until  the 
last  year  or  two)  had  certainly  not  been  with  the  gases  but  witli 
the  obtaining  of  suitable  gas  engines.  Fortunately,  this  difficuHv 
— as  might  be  seen,  not  only  in  the  beautiful  exhibition,  htit  also 
in  the  various  works  on  the  Continent — was  now  overcome,  and 
their  utilisation  on  a  large  scale  would  be  accomplished  in  the 
near  future.  In  Germany  and  America,  more  so  than  in  this 
country,  and  especially  in  Scotland,  these  blast-furnaces  were  in 
more  or  less  proaLimity  to  steel  and  other  works,  so  that  tliere 
was  ample  outlet  for  the  spare  power.  In  Scotland,  however, 
many  of  the  blast-furnaces  were  isolated,  and  unless  an  outle* 
outside  themselves  could  be  provided,  there  seemed  little  opiKff* 
tunity  for  the  utilisation  of  the  gases  in  the  way  suggested. 

There  was  an  aversion  on  the  part  of  the  blast-furnace  pro^ 
prietors  to  bind  themselves  to  snpply  power  to  outside  users,  an» 
though  there  were  some  instances  of  spare  gases  being  used  M 
the  manufacture  of  calcium  carbide  and  other  products,  it  hvA 
been  found,  here  at  least,  that  the  "shoemaker  prefers  to  stick  t4 
his  last "     One  important  result  which  the  development  of  theai 
gas-engines  would  effect,  probably  equally  or  more   importani 
even  than  the  utilisation  of  blast-furnace  gases,  would  bo  the  oaq 
of  producer  gases  for  power  purposes  where  hitherto  steam  had 
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of  tlie  dim  and  doubtful  future  to  recoup.     This  tnight  be  1 

raison  d'iire  of  what  Mr.  Selby-Bigge  styled  "the  eteti 
question/'  vise,,  what  is  the  cost  going  to  be,  and  the  **  pigec 
holing  "  to  which  he  referred* 

As  a  result  of  personal  observationsj  he  (Mr,  Dixon)  atal 
in  a  pajier  read  before  the  West  of  Scotland  Iron  and  Steel  1 
stitute,  tiiat  the  industries  of  America  appeared  to  liim  to  be  v< 
largely  in  the  hands  of  men  under  thirty-five  years  of  age,  a 
while  there  were  instances  to  the  contrary,  ha  still  saw  no  reaa 
to  abandon  tiiis  idea.  He  was  glad  to  see  what  he  took  to 
a  confirmation  of  this  in  Mr.  Selby^Bigge*s  reiuarks  as  to  I 
function  of  the  Aiuerican  works'  manat^ers.  There  was  lit 
doubt  that  in  America  tlie  elder  directors  of  compani€!S  look 
for  a  lead  from  their  works*  managers,  who  were  usually  you 
men  ;  how  far  this  was  so  in  this  country  each  of  thein  wo< 
decide  from  their  own  experience  and  that  of  their  friends.  , 
one  American  tersely  put  it,  "  they  considered  the  intuitions 
youug  men  to  be  quite  as  reliable  as  the  experience  of  tlie  e1<i 
ones/*  with  the  additional  merit  '*  that  you  get  there 
quicker/' 

In    making    this    criticism    he    (Mr.    Dixon)   would   Hi 
express  his  unmeasured  thanks  for  the  admirable  and  suggest! 
paper. 


hi? 


Mr,  D.  B,  MORISON  (Hartlepool)  considered  that  Mr.  Sdh 
Bigge's  contribution  to  electric  power  literature  was  especiJ 
valuable  in  that  it  contained  data  which  had  been  compiled  wi 
evident  care,  and  might  be  relied  upon  for  i^eneral  accurttc 
The  plant  at  the  Hartlepool  engine- works  was  referred  to 
the  paper ♦  In  1896  Messrs,  T.  Richardson  &  Sons  avaDed  tbet 
selves  of  Mr.  Selby-Bigge's  professional  services  with  a  view 
driving  their  entire  works  electrically*  The  scheme  he  submitb 
was  approved^  and  the  work  was  carried  out  by  him  in  1 
entiretyj  with  the  result  that  in  1897  electric  motors  had  repliO< 
steam-engines  in  every  department-  The  proposition  was  ff 
doLibtedly  one  to  show  good  results,  as  the  works  had  been  built  ^ 
during  a  period  of  tifty  years.  There  were  dozens  of  overload 
steam-engines,  thousands  of  feet  of  steam  pipes,  and  v^'irious  de^ig 
of  boilers — a  wasteful  combination^  but  not  a  whit  worse  thi 
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interest  on  capital  He  waa  glad  to  see  that  Mr.  Selby-B 
had  touched  upon  the  t^uestion  of  using  blast-furnace  gas 
generating  elecricity,  and  as  his  firtn  had  recently?  taken  up 
manufacture  of  large  gas-eu glues  lor  this  purpose,  be  had  i| 
occasion  to  investigate  the  subject,  and  could  give  his  aasuT&i| 
that  the  statements  made  in  the  paper  were  not  by  any  mi 
exaggerated, 


1 


1 


Mr.  Sklby-Bigge,  in   replying  to  the  discussion,  said  he  U 
fiiBt  of  all  to  thank  the  President  and  Sir  Lowthian  Bell  for  H 
kind  and  too  flattering  remarks  they  had  been  good  enough 
make  upon  the  paper  he  had  eotitributed  to  the  Institute^ 

It  had  been  his  object  from  the  outset  to  collect  aud  I 
before  them  data  of  an  essentially  practical  nature,  particulai 
with  regard  to  the  cost  of  production  of  electricity,  aud  ci 
actual  savings  which  would  accrue  to  works  owners  bj  i 
supersediug  the  older  methods  of  driving  at  present  in  vogi 
in  the  great  majority  of  works  in  our  country- 
It  might  be  said  that  this  was  a  somewhat  new  departni 
and  that  the  paper  dealt  more  with  the  commercial  side  of  ti 
aspect  than  the  purely  technical,  but,  after  all,  was  not  this  tl 
kind  of  information  ihat  was  of  most  use,  the  want  of  whifl 
had  been  so  often  felt  by  directors^  works  managers,  an 
engineers  in  enabling  them  to  decide  upon  iniprovement  schemfl 
for  their  different  works  ?  He  was  very  glad  to  find  tbi 
throughout  the  discussion  no  adverse  criticism  had  been  el 
pressed  on  this  point,  and  he  thanked  them  for  their  apj'rt 
elation  of  his  efforts  in  this  direction.  He  was  glad  to  M 
that  the  views  of  Professor  Salomons  and  the  expeneuoe  < 
German  engineers  coincided  with  hia  own ;  the  magnificefl 
exhibit  of  the  Lahmeyer  Company  at  tiie  DUsseldorf  Eihi^ 
tion  in  electric  power  applications,  as  well  as  those  of  otiM 
German  tirms,  showed  to  what  an  eictent  electric  power  ^^^ 
had  advanced  in  Germany,  aud  particularly  so  in  regard  1 
mining  and  works  equipment. 

The  views  expressed  by  Mr.  Oliver  Siiiras,  of  the  Brilis 
Westinghouse  Company,  would  generally  represent  Arn^ric»i 
opinion  on  the  subject,  and  it  was  very  gratifying  to  the  sutho 
to  hear  tijat  the  views  he  had  taken  with  regard  to  one  of  di 
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adTantages  which  electricity  to-day  placed  in  their 
priae  and  progress  in  this  country  would  be  greatly  s 

I  a  his  brief  remarks  Mr,  J.  F.  Eobinson,  of  Messrs*  i 
Stewart  &  Co.j  raised  a  very  important  point,  viz,  the  inc 
regularity  of  speed  in  machine  shop  driving.  Under 
fiuetuating  loads  upon  the  line  shafts  the  motors  inaintai 
constant  speed  which  was  rarely  attained  in  the  case  i 
shafts  driven  by  separate  engines ;  this  regularity  of  speed 
very  beneficial  effect  on  the  work  going  on  throughout  the 

In  his  remarks  Mr.  T.  Westgarth  had  confirmed  ti 
own  experience  the  statements  put  forth  by  the  autl 
to  the  cost  of  production  by  works*  owners  themselves 
less  than  |<.L  per  Board  of  Trade  unit,  and  his  referei 
blast-furnace  gas  engines  confirmed  the  tigures  given  i 
paper. 

Having  now  dealt  with  the  various  points  raised  i 
discussion,  the  author  trusted  that  this  paper  might  pre 
practical  service  to  those  interested  in  the  matter,  that  it 
serve  as  a  guide  to  those  contemplating  electric  power  ^ 
ttons,  and  as  an  incentive,  to  those  who  had  not  yet  s' 
the  subject,  to  investigate  tlie  possibilities  of  the 
thoroughly. 


I 


Mr.  Kylberg  wrote^  in  reply  to  Mr.  Vaughan  Hughes'  in 
that  his  aim  had  been  from  the  beginnifig  to  treat  the  suh 
the  paper  from  the  standpoint  of  the  designing  and  coustr 
engineer.  The  illustrations  submitted  would  render  this 
and  he  hoped  at  an  early  date  to  be  able  to  bring  befo 
Institute  a  continuation  of  his  paper  which  would  dea 
clusively  with  the  etficiency  in  practice,  the  working  bx| 
and  tiie  cost  of  installing  the  various  machines^  based  j 
tonnage  of  the  output  of  an  entire  plant  ■ 

He  was  somewhat  surprised  that  Mr.  Vaughan  Hughes  i 
ask  whether  some  of  the  machines  described  were  applici 
conditions  obtaining  in  Great  Britain,  and  he  would  only  r 
him  that  long  ago  the  fact  was  realised  that  the  rapid  handl: 
mechanical  means  was  one  of  the  chief  factors  which  lo 
the  cost  of  production,  and  thus  directly  affected  the  pri 
the  finished  products. 
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RESULTS   OBTAINED   IN   KQUALISING   TI 
TEMPERATURE   OF  HOT   BLAST. 

Bt  LAWEENCE  F.  GJERS  and  JOSEPH  H,  HARRISON,  M.l!iaT.C;l.» 
Mii>i>tii!!iBBaui;H, 

It  will  be  remembered  that  the  authora  read  before  the  Institute 
in  May  1900,  a  short  paper  describing  an  apparatus  for  convert- 
ing  hot  blast  of  that  irregular  temperature  which  is  unavoidabk 
when  using  regenerative  stoves,  into  hot  blast  of  regular  tem- 
peratnre,  for  use  in  blast-furnaces^  with  a  view  to  obtaiuinj 
greater  regularity  in  furnace  working,  and  in  quality  of  iroa 
produced. 

At  that  time  there  was  not  an  equaliser  at  work,  but  mi 
was  being  erected  at  the  Normauby  Ironworks,  Middlesbrouglii 
in  connection  with  a  new  furuace.  This  waa  put  to  work  oB 
May  6,  1901,  and  has  worked  continuously  from  that  datsj 
without  having  once  been  stopped^  and  without  having  cost 
peutiy  in  either  repairs  or  attention  of  any  kind,  and  by  tlifl 
permission  of  the  Normauby  Ironworks  Co.,  Ltd.,  the  aathon 
are  enabled  to  submit  the  results  obtained  in  the  equalisaiiou  o 
the  temperature  of  the  hot  blast  for  this  furnace. 

The  equaliser  is  much  the  same  shape  as  a  Cow  per  stove,  ^ 
feet  diameter  by  55  feet  high,  built  of  steel  plates,  and  \kd 
with  fire -brick*  A  ceotral  division  wall  from  the  bottom  M 
near  the  dome,  divides  it  into  two  similar  sectioasj  whick  M 
filled  with  fire-brick  chequer  work. 

The  hot  blast  of  irregular  temperature  as  it  leaves  the  stovel 
is  made  to  enter  at  the  bottom  of  one  of  these  stctioDB.  ^ 
passes  up  through  the  chequer  work  of  that  aection  and  <to^ 
through  that  of  the  other  section,  and  is  passed  out  at  the  bott-on 
at  a  perfectly  uniform  temperature*  It  is  then  carried  to  lb* 
furnace  by  suitable  connections* 

The  excessive  heat  of  the  blast  given  by  a  stove  whick  Ij«^ 
just  been  put  ou    blast  after  heating  up,  when  it   euters  ^^ 
equaliser,  comes  at  once  in  contact  with  the  clieqm-r  work  of  th- 
inlet  section,  which  has  been  partially  cooled  down  by  the  i^ 
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ITL  (Plates  XXIIL  and  XXIV.)  sliow  true  enlargements  of  some 
of  these  records,  which  were  kiudly  lent  by  the  Norman bj  Iron- 
works  Co.  in  June  last- 
Diagram  IL  shows  a  pair  of  twenty *four-honr  re corda  f or  ^iOth 
May  1902,  taken  under  normal  conditions,  the  blast  not  Imvin^ 
been  oH  at  all  except  at  casting  times. 

The  upper  record  shows  the  vary  log  temperature  of  the  bl 
entering  the  equaliser  from  the  stovesj  and  the  lower  one  sbo' 
the   uniform    temperature   of   the  same   blast   as   it  leaves 
equaliser  and  goes  to  the  furnace*     It  will  be  noticed  that 
**  equalised ''  record  is  almost  a  perfect  straight  line,  except  f^^ 
the  gaps  when  the  blast  was  shut  off  the  furnace  at  easting  times. 
It  will  also  be  noticed,  in  looking  at  the  unequalised  record,  tb&t 
in  some  cases,  where  a  freshly  heated  stove  has  gone  on,  the  blast 
temperature  has  jumped   up  more  than  200^  F,  io  a  moment 
but  on  following  the  same  time  line  on  to  the  equalised  recox"^ 
below,  not  the  slightest  variation  is  found  in  the  temperature 
the  blast  going  to  the  furnace.    This  is  a  most  severe  test  of  t! 
application  of  the  priuciple  upon  which  the  apparatus  is  \m\ 
and    no    doubt    you    will    agree    that    the    results    are    iiigU 
satisfactory. 

Diagram  III.  shows  another  pair  of  twenty-four-hour  records  fc 
12th  June  1902,  and  which  are  very  interesting  as  showing  ho' 
the  equaliser  acts  as  a  sort  of  "  heat-bufler  *'  between  the  stoves  ta 
the  furnace  in  case  of  sudden  and  excessive  rise  of  tempemtui 
of  the  hot  blast  from  the  stoves^  and  also  as  a  beat  reservoir 

This  pair  of  records  extends  from  midnight  on  11th  June  t^ 
midnight  on  12th  June.  About  six  o'clock  on  the  evening  <?' 
the  11th  it  was  found  necessary  to  stop  the  engine  blowing  tbis 
furnace  for  two  or  three  days^  and  the  furnace  had  to  be  coup^^ 
up  to  a  common  hot- blast  main,  serving  two  other  furnaces  v^i^^ 
blast  at  a  much  lower  pressure. 

The  result  of  this  was  that  a  much  less  weight  of  blast 
passed  through  the  stoves  per  minute,  and  ooDsequently 
temperature  of  the  blast  given  by  them  went  up  by  leap^^  ^ 
shown  by  the  upper  record.  But,  on  looking  at  the  equal 
record  below,  it  will  be  seen  that  the  equaliser  had  the  ei 
of  checking  this  rapid  rise  of  temperature,  and  allowed  it  to 
place  gradually  over  the  twenty -four  hours* 
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On  comparing  this  syatem  with  that  of  leveUing,  or  reducii^ 
the  hot-blast  temperature  to  the  minimuni  temperature  givsn  off 
by  the  stoves,  by  the  admission  of  coLi  blast,  for  the  purpose  of 
regularity »  flo  largely  adopted  iu  America,  and  to  a  less  extent  in 
this  country,  it  will  he  seen  bow  very  much  easier  the  one  is  to 


m 

m 

■^ 

DiAHJtAU  tk. 

work  than  the  other*  In  one  case  the  stovemaD  has  to  be  con 
tinually  shutting  off  a  little  cold  blast  every  few  minutes  during 
tbe  run  of  a  stove,  aiad  when  that  stove  goes  off  and  another  on* 
he  has  to  open  out  the  cold-blaat  valve  again  until  he  finds  by  hit 
pyrometer  he  has  got  the  temperature  he  is  oniered  to  keep,  and 
then  he  begins  to  go  through  the  aatiie  gradual  shuttiug-off  of  tlic 
cold  blast  as  before,  and  so  on  night  and  day* 
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PROBABLE  EXISTENCE  OF  A  NEW  CARBIDI 
OF  IRON,  FE,a 

Br  £.  D.  CAMPBELL  AND  M.  B,  KENNEDY,  Cusmical  L&boratort  OJp  - 

UrrrvfiBaiTT  op  MtcHiaAir» 


The  only  well-recogniaed  carbide  of  iron  which   has   hmn 
covered  from  specimens  of  commercial  iron  or  steel  is  that  whi^ 
was  first  described   by  8ir  F,  Abel  and  Mn  Deering  in  18lJ5-^ 
This  carbide,  according  to  their  figures,  is  repreaented   by  tfi 
formula  Fe.^.      Abel  and  DeeritiJ3''B   wort  has    been  repeats 
since,  with  various  modifications  and  improve  meutB  in  met  bo 
by   Muller,t  Osmond  and  Wertlij  J  Arnold  and    Read*  |  and 
one  of  the  present  authors,  ||      The  results  obtained  by  all  tlia 
experimenters  confirm  the  conclusion  drawn  from  the  work* 
Sir  F*  Abelj  that  the  gteater  part  of  the  carbon  in  annealed  \ 
exists  in  the  form  of  a  definite  .carbide  having  the  empirical j 
formula  Fe^C,     The  carbide  obtained  by  all  the  authors 
tioned  has  been  recovered  from  steel  containing,  in  most 
less  than  1   per  cent,  of  carbon.      Perhaps  the  moat  exhaustil 
research  is  that  of  Arnold  and  Read,  who  show  that,  t* veii  iS^ 
carefully  annealed  steel,   only   about  72-94"9  per  cent,  of  tii^ 
total  carbon  in  the  metal  is  recovered  in  the  form  of  carbide 
The  failure  to  recover  all  of  the  carbon  as  pure  carbide  seems  i 
be  due  to  the  decomposition  of  carbide  of  iron^  not  crystal!^ 
or  precipitated,  but  remaining  in  solid  solution*     As  might 
expected,  carbide  of  iron,  held  in  solid  solution  in  the  iron,  woai 
be  much  more  easily  decomposed  by  the  action  of  dilute 
than  if  the  carbide  were  precipitated  or  crystallised  in  masses  J 
appreciable  size.     If  we  consider  the  conditions  under  whieb 
carbide   recovered  by  Arnold  and  Read  was  f^jrmed^    we 
readily  account  for  tlie  failure  to  recover  the  total  carbon  of 

•  Pma'tdhiffg  <?/  th  Institution  of  MeehanktU  Er^finarw^  1885.  ji.  80, 

t  Staht  und  EUcn^  vol.  v.  pp.  170-184. 

X  Annalti  den  MiniJi,  18S5,  voL  viii.  pp.  6-83. 

§  Jourrtol  o/tkn  CkemicQl  Socwtif,  3894,  vol.  Ijet,  p,  788, 

II  Amermn  Ch^ncai  Journal^  1896,  toL  iriiL  p,  83a. 
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diETerent  coinposltioD,  Iil  order  to  decide  this  question,  we  have 
isolated  the  carbide  from  a  sample  of  annealed  white  iron.  The 
iron  employed  for  this  purpose  was  a  pig  of  white  charcoal  iroD, 
furnished  us  through  ihe  courtesy  of  Mr.  L,  E-  Dunham,  manager 
of  the  Ashland  Iron  and  Steel  Compaay,  Ashland,  Wisconsin- 
The  original  iron  had  the  following  composition :  combined 
csrbonj  3'53  per  cent;  graphitic  carbon,  0*01  per  cent.;  siJicon, 
0'07  per  cent.;  phosphorus,  0  1 3  per  cent.;  Bulphur,  O'OI  per 
cent. ;  and  manganese,  0*05  per  cent.  The  pig  was  broken  up, 
and  a  piece  weighing  about  900  grams  selected  for  the  work. 
This  piece  was  first  dressed  with  an  emery  wheel  until  perfectly 
bright^  and  was  then  placed  in  a  porcelain  evaporating  dish, 
covered  in  turn  with  a  second  dish,  so  arranged  lliat  a  stream  of 
hydrogen  could  be  kept  up  during  the  annealing.  The  tempera- 
ture to  which  the  piece  was  raised  was  measured  by  means  of  a 
Le  Chatelier  thermo-couple  placed  close  to  the  iron.  The  dishes 
containing  the  iron  were  placed  in  an  assay  furnace,  and  the 
temperature  gradually  raised  during  a  period  of  five  hours  to 
950""  C.  After  maintaining  the  iron  at  a  temperature  varying  from 
930''— 950^  C«  for  about  two  hours^  the  teniperatui'e  was  allowed 
to  fall,  about  three  hours  being  required  for  it  to  reach  600".  An 
analysis  of  the  iron  so  annealetl  showed  that  the  graphitic  carboii 
had  increased  only  to  0'12  per  cent.  This  piece  of  annealed 
metal,  supported  by  means  of  a  heavy  copper  wire,  was  conneeted 
with  the  anode  of  a  storage  battery,  tlje  cathodes,  one  on  each 
side  of  the  bar,  being  platinum  cylinders.  The  solution  used 
as  an  electrolyte  was  fourth-normal  sulphuric  acid,  about  three- 
fourths  of  the  iron  being  immersed  during  the  electrolysis, 
whicli  was  conducted  in  a  large  beaker  containing  al)Out  four 
litres.  In  the  electrolysis,  an  electromotive  force  of  two  volta 
and  a  current  of  0"30  ampere  was  found  to  give  the  most  satis- 
factory  results.  When  such  a  current  as  this  had  acted  fori 
twenty-four  hours,  the  iron  was  taken  down  and  the  adberiiig' 
carbide  rubbed  loose  under  water  by  means  of  a  brush  made  at 
very  fine  aluminium  wire,  such  as  employed  by  one  of  us  in  tb* 
recovery  of  pure  carbide  of  iron,  referred  to  in  the  first  part  of 
this  article.  When  the  carbide  had  been  removed,  fresh  acid  wsM 
placed  in  the  beaker  and  the  electrolysis  continued.  The  r^' 
covered   carbide  was   first  triturated    lightly  under  watar   m^ 
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byer,  wkkk  ecmld  to 
m  nrilSiiteire^  if  co«iiil€fiM< 
Boiy  towe^cr,  isdiided  ia  tto  uhme  toUe. 
tod    in    geaenJ    m    pej    metonic 
m   utiM   wiih   ito   oatod   eje.  aoi&e  att 
bffi^btcr   iton    olliers.     Under   Ito   tmameapt   it 
vaald  be  expected  from  m  fetotoaoe  pgeripitolipg  or 
(mm  solid  iolittioii,  '  sq  amotfilioiii  Usd  powder,  witto«t 
piireiLt  arystaUiiii!  fonn/     Sample  Xa  22,  vhen  £tsI 
•eemed  to  to  ihe  bri^^htest  of  mikj,  and  vift  Iccpi  sepenle 
Uiti  leaaoii  before  an  aaaljsis  of  it  was  ntad^    Ttoie 
W&9  all  in  the  fonii  of  a  powder  6ne  enoogh  to  easflj  pfl^ 
fieve  with    100  mefth^  to  the  Unear  inch,  but  a  consii 
portion  wonld  be  recaiued  Uj  a  200  mesh  sieve.     Three  of 
samples  of  the  carbide  were  separated  by  meaiis  of  a  200 
sieve  ioto  two  portions,  coarse  and   doe*     Tlie  resulls  of 
sepamtioQB,   with  the  atialjses  of    the  separated    portions, 
given   in  the  following  table  :• — 


nples 
appeals, 


Table  H. 


PerOfitil. 


SS 


36  til 
5376 

as-ie 


S3 -99 
47-24 


7  51 

tits 


Givliaiite 


931 


A  deteniiination  of  the  graphitic  carbon  in  the  ^ne  mate 
from  sample  22  gave  only  012  per  cent.     Those  samples 
tajning  tiie  highest  per  cent,  of  carbon  do  not  seem  to  have 
decomposed  by  the  acid  in  the  process  of  recovery  to  any 
extent  than  the  samples  witii  the  lower   per    cent,    of  carD 
This  fact,  taken  together  with  the  fact  that  all  the  samplesi 
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relation  to  the  carbon  atoms  as  they  bore  in  the  original 
carbon.     Such  a  carbide  would  have  a  general  formula  (Fe^C), 
and  the  structure  of  the  derivative   rruin    tlie  altove   tnembef 
would  be — 


F. 


Fe 


\.  y 


f/ 


u=c 


\ 


F« 


Oarbides  of  the  gtjperal  I'onuula  (Fe^C)^  derived  \\i  this  way  frum 
carbides  of  the  general  formula  (Fe^C)„  would  give  the  same 
products  of  solution  in  acids.  The  fjic^t  that  (FegC)^  is  recovered 
only  froai  iron  containing  a  lar^e  percentage  of  carbon,  whik 
(Fe^C),,  is  the  only  product  from  annealed  steels,  would  be  verjT 
strong  evidence  thnt  the  (FeJJC)^J  is  precipitated  or  crystallise*!  sa 
such  from  solid  solution  during  slow  eoolint;  and  is  not  derived 
as  a  decomposition  product  of  (FegC)jj.  Whether  {Y^^^^  is  a 
constituent  of  the  pearl ite  or  of  tiie  free  c^mentite  io  slowly 
cooled  white  iron,  we  are  at  present  unable  to  say, 

A  mixture  of  carbides  (FejjC)^  and  (Fe^C)tj  to  contabi  8'2i) 
per  cenL  carbon  and  91*80  per  cent,  iron^  would  have  to  be 
made  up  of  49  per  cent,  of  the  former  and  51  per  cent,  of 
latter  carbide.  If  all  the  carbon  and  iron  recovered  as  carl 
described  in  Table  I.  represents  a  mixture  of  the  two  carbw 
recovered  from  3 02 '05  gratns  of  metal,  there  would  be  Vl^ 
cent,  of  (FegC)a  and  17- 7 3  per  cent  of  (FejC),^,  or  in  all  34' 
per  cent*  of  mixed  carbides  derived  from  the  electrolytic  treit* 
ment  of  slowly  cooled  white  iron* 

When  pieces  of  tije  same  wliite  iron  employed  in  the  abov^* 
described  work  were  electrolysed  without  first  annealing  tto 
iron,  samples  of  carbide  were  recovered  containing  in  manf 
cases  much  more  carbon  than  was  found  in  the  carbides  recovered 
from  the  annealed  metah  In  the  case  of  the  carbides  recovered 
from  the  un annealed  metal,  the  sum  of  the  iron  and  carbou  wfti 
far  simrt  of  100  per  cent.,  and  the  difference  increased  as  tbe 
percentage  of  carbon  in  the  residues  increased,  thus  showing  tW 
the  large  amount  of  carbon  was  due  to  decomposition. 

It  was  thought  that  pos«jibly  a  microscopic  examination  ^ 
the  white  iron,  before  and  after  annealing,  might  throw  sooi* 
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COllRESPONDENCE, 


be  expected    from 
Now  he  thou^jht 


Mr.  E.  H.  8ANITER  (Middlesbruugh)  wrote  that    the  authors  ' 
seemed   t6  have  overlooked  Ids  work  iu   connection  with  Ft^^C* 
If   they  had   referred  to   it,  they  would   have  found  that  it  was  I 
possible   to    obtain  an    almost    theoretical    yield  of    Fe^C,   vi^. 
96^5  per  ceiit.j  considering  that  this  was  washed  by  decantaiioti 
and  sotne  thereby  lost.     Their  yield   appeared   to  him   to  have 
been  low  because  they  did  not  include  tlie  poroujs  layer  alluded  1 
to  in  their  yield  of  carbide,  thouiiih  it  undoubtedly  would  be| 
carbide,  and  they   had  also   omitted   to    deduct    the   graphite. 
Under  these  circumstances  it  seemed  hardly  necessary  to  forma-  j 
late  tlie   theory,    that   part   of   the   carbide   remained   dissolved , 
in  the  ferrite,  to   account  for  the  low  yield.     The   authors  also  I 
remarked  that   the  carbide  "  appears   under   the   microscope  to  i 
be   an   amorphous   black    powder,   as   mi*|ht 
a   body   precipitating  from  a  solid  solution." 
it  was  not  a  fact  that  the  whole  of  the  cementite  formed  by 
8 '5  per  cent,  of  carbon  precipitated  from  solid  solution,  and, 
further^  it  seemed   very   remarkable  that  the   cementite  should 
be  disintegrated  to  such  a  fine  state  of  division  when  it  oocurtW 
in  such   large   masses   as   shown  in    the    micrograph*     If  the 
order  were  considered  in  which  the  carbide  as  cementite  &pd  ; 
pearlite   precipitated    it  would   be   at   once  recognised  that  tbt 
cementite  precipitated  first  from   the  richest  solution  of  carUiii 
and  that  the   Fe^C,  if    such    a  body    existed,  should   therefoie 
be  contained   in   the  cementite  earbide,  and  not  in  the  pearlil* 
carbide,  and  aa  the  cementite  carbide  was  the  coarser,  one  would 
expect  to  find  the  higher  carbon  in  the  coarser  particles ;  but 
in   Table  XL  the  reverse  waa  the  case.     As  the  finer  purtiea 
was   naturally  the   more  decomposed ,  this   led    one   to  sup|K]ie 
that  the   high   carbon   was   due  to   carbon   hydrate.     It  would 
throw  light  on  this  point  if  the  authors  would  give  tlie  amount 
of  iron  in   the  coarse  and   fine  portions.      It  was  stated  in  the 
writer's  paper  on  **  Carbon  and   Iron,"  already  referred  to,  tliant 
waa   noticed   that   the   coarser   particles  of    carbide   were  veij 

•  Jtmrtial  of  the  Irtmmnd  Sk^l  IrvftUute,  im,  N^>*  II.,  p,  115. 
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Tfthlr    A    Vorrrefed    ftrr    Comtant    Error   of   1    per    cent.,   a 
Anmuffd  in  Order  of  Increasing  Difference  of  100 —  (Iron 

Cai'hon) : — 


Rpcoveiy. 

Iron 
PercentHge. 

Carbon 
PeroeiitAge. 

Not  Acooaoted 
for  Percentage. 

Totd. 

4  5  6 

08  52 

6-46 

•02 

100 

12  8 

02-07 

6-47 

•56 

100 

18  14 

0-210 

7-00 

•81 

100 

10  11-12 

01-38 

6<« 

i-eQ 

100 

28  24 

0012 

7-88 

2O0 

100 

15  W 

00-17 

770 

2-04 

100 

7  80 

80-88 

8-60 

2-07 

100 

22 

88-51 

0-:<ft 

218 

100 

17  18  in 

80-8 

8-41 

2-29 

100 

20  21 

80  10 

7ntf» 

3-16 

100 

<\3nri«o     F<v,0  \ 

from  1    p«M  1 

oont.        CO-  > 

S01> 

7-28 

2-87 

100 

(Sjinitor)      .  1 

There  it  woni(i  he  seen,  with  some  irregularities,  that  as  t' 
*' not  nocounto<i  for"  portion  increased,  so  did  the  carbon,  whi< 
wns  jujst  what  niicht  have  heen  expected  if  carhon  hydrate  ▼« 
prof^ent.  Tii  oonobision,  while  not  denying  the  poasihle  existeo 
of  VeJ\  he  oonfiidereu  the  evidence  brought  forward  by  i 
Authors  was  insufficient   to  establish   their  case. 


Tin":  ArrnoKs,  in  reply  to  Mr.  K.  H.  San  iter,  regretted  that  tb 
had  <A'erlooko<i  his  valuable  paper,  which  would  have  made  the 
]>ln<"e  tlir  fiornn*  96'^  yev  cent,  instead  of  94*9  per  cent,  as  tl 
proportion  of  carhon  from  moderately  high  carhon  annealed  stt 
recov^Tahh'  by  electrolysis  in  acid  solution  in  the  form  of  carfak 
Their  nssumption  thnr  complete  recovery  of  the  carbon  as  carbi 
WM^  pr«'hnbly  not  possible  under  thest^  conditions  was  based s 
upon  tlieir  own  work,  but  upon  the  results  obtained  by  ©the 
ospeeiMtly  ArnoM  and  Rend,  as  well  as  those  of  Mr.  Senit 
him^ieli  Mieroscopists  were  agreed  that  the  coloar  prodae 
in  Tnnrtensite  bv  t)M'  nction  <>:  iodine  or  nitric  acid  was  due 
en r von  ••ither  in  solution  as  the  element,  or  some  carbon  oa 
]i<nni.i.  Arnold  ani  R"a«l  had  shown  that  only  a  portion  oft 
«\Mrhou  exi^tinj  in  solid  solution  as  martenaite 
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fiue  portions  of  sample  22  had  been  determined.  This  wi 
doDe  at  the  time,  but  the  amounts  were  not  reported  in  the^  ^^^ 
lable.  The  results  were  as  follows :  coarse— carboo  8*76 
cent*,  iron  89*79  per  cent,,  unaccounted  1*45  per  cent- 
fine— carbon  9*87  per  ceut.j  iron  8 8 '4 2  per  cent,,  uuaccount^=:d 
1*71  per  cent.  It  would  be  seen  that  the  unaccounted  ha^t-d 
increased  over  what  it  was  iii  the  original  material  when  fiiJ--~tt 
analysed,  at  which  tiiite  it  was  1"15  per  cent.  This  wa3  easifc— J 
accounted  for  by  the  probable  oxidation  of  the  raateri^^l 
during  the  several  weeks  that  elapsed  between  the  aualys 
of  the  origitial  sample  and  the  portions  separated  by  sifi 
ing.  The  greater  proportion  of  uiiaccounied  in  the  fin 
as  compared  with  tiie  coarse  was  probably  rather  due  to  il 
more  rapid  oxidation  on  accoupt  of  its  finer  state  of  divisio-  ^ 
tban  to  decomposition  at  the  time  of  isolation.  It  shouhi  t*^^ 
borne  in  mind,  in  considering  these  figures,  that  all  the  sampk 
of  carbide  in  their  work  were  triturated  under  water  so  as 
separate  any  carbonaceous  matter,  and  were  tiien  waslied  b^ 
deeantation  until  the  washings  came  over  perfectly  clear ;  an- 
also  that  sample  22  was  selected  ou  account  of  its  exceptionally 
clean  metallic  appearance  before  any  analyses  were  made. 

From  his  first  rearranged  table,  Mr,  San  iter  drew  the  gener 
conclusion  that  the  greater  the  yield  of  carbide  the  higher  tb  ^ 
percentage  of  carbon  in  the  carbide,  and  therefore  that  the  in^^ 
creased  percentage  of  carbon  was  due  to  the  decomposition 
tlie  carbide  by  long  exposure  to  the  acid.  He  admitted  tho 
there  were  some  exceptions,  and  if  the  table  was  examined  i  ^^S 
would  be  noted  that,  out  of  nine  cases,  five  followed  his  ruV  ^ 
and  four  were  exceptions.  With  so  many  and  so  marked  ax  ^^ 
ceptions  they  did  not  see  how  Mr.  Sauiter  was  justilied  in  his-  ^ 
conclusions.  Again,  they  did  not  feel  that  Mr«  San  iter  ha 
good  ground  for  assuming  a  constant  error  of  1  per  cent.  Ii- 
they  were  to  admit  bucIj  an  assumption,  and  examined  his 
arranged  second  table,  it  would  be  noticed  that,  out  of  ten  samples^ 
six  only  followed  his  general  rule  and  four  were  exceptions — -^ 
While  not  claiming  that  the  existence  of  a  carbide  FegC  wa^^^ 
proved  by  the  work  described  in  their  table,  they  did  not  feeL-^ 
that  Mr,  Saniter's  arguments  had  appreciably  diminished  the 
pfobability  of  such  a  carbide.     They  trusted  that  some  othe 


thoi^ 
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and  for  the  nianiier  of  their  dbctission  in  that  room,  be  believed] 
he  might  claim  for  it  the  position  of  one  of  the  highest  meiit) 
since  the  Inatitute  was  launched.      He  therefore  supported,  and 

did  so  most  cordially  and  honestly,  the  motion  which  was 
placed  before  them  for  their  reoeptioo. 

The  motion  was  enthusiastically  carried. 

Mr,  R.  M,  Daelek  said  it  was  his  pleasant  duty  to  prop 
hearty  vote  of  thanks  to  their  President,  Mr,  Whitwellj 
conduct  in  the  clmir.  He  took  that  opportunity  of  congratulat- 
ing him  on  the  large  attendance,  and  on  the  large  amount  of  j 
business  got  through  nuder  his  guidance.  He  must  say,  on 
behalf  of  the  Reception  Committee,  that  they  especiaUy  were 
grateful  to  the  President  for  his  help  in  rendering  the  meeting 
80  successful,  and  they  hoped  that  the  other  portions  of  the  pro- 
ceedings would  be  equally  succesafuU 

Mr«  E.  SCHRODTERj  in  seconding  the  vote  of  thanks,  said  that  i 
Mr.  William  Whitwell,  the  President,  had  in  the  two  days  not 
only  been  their  President  and  master- guide,  but  that  he  had 
gained  all  their  hearts  by  his  very  kind  manner.  At  the  same 
time  he  would  take  the  opp or t unity  of  expressing  his  sinceit 
gratitude  to  tlieni  for  the  vote  of  thanks  which  referred  specially 
to  himself  I  and  for  the  very  kind  words  of  Professor  Howe.  He 
begged  them  to  accept  his  sincere  thanks. 

The  President,  in  acknowledging  the  vote  of  thanks,  referred 
to  the  magnincent  success  of  the  Exhibition,  and  congratulated 
the  city  of  Diisseldorf  and  the  district  on  the  immense  success 
which  had  attended  it 


The  proceedings  then  terminated. 
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It  would  lie  very  difficult  adequately  to  expreai  the  visitoi 
appreciation  of  the  excellence  of  the  arrangemetits  made  by  thi 
Committee,  and  of  the  hearty  manner  in  which  the  members  W6f( 
w  el  comedo 

The  proceedings  on  September  3  began  with  great  punctuality^ 
the  Council  had  every  reason  to  be  satisfied  with  the  support  thj 
received  from  the  niemberf,  as  evinced  by  the  large  attendance, 
the  second  day,  the  great  hall  of  the  Tonhalle  was  &^sdu  well  fille( 
Durini^  the  afternoons  of  Septeurber  3  and  4  the  Exhibition  was  visited 
where  groups  were  formed  under  thn  guidance  of  experts  for  the  }i 
poge  of  examining  the  various  sections  of  metal  hi  rgy,  mining 
machinery, 

Thb  Conyersa^ioece  in  the  Tonhallk, 

'  On  Wednesday  evening,  Septemher  3,  the  Mayor  and  Cor[xiration 
tSe  City  of  liiisseldorf  gave  an  entertainment  to  the  members  of  thft 
Institute  tmd  the  ladie^^  accompanying  them  in  the  Toahalle,  the  grtit 
hall  of  which,  known  as  tise  Kttkersaal,  was  brightly  decked  for  thfr 
occasion  with  flags  and  with  festoon ii  of  green  and  flowers.  The  gue«t| 
were  received  by  Mr  Lndwig  Feistel,  the  Mayor,  and  the  prtncipil 
event  of  the  evening  was  an  excellent  conce'rt,  solos  l>etng  spleniHtlly 
sung  by  Fran  von  Hiibbenet,  who  is  the  Prima  Donna  of  the  Diissel" 
dorf  Municipal  Theatre,  The  English  membtirs  were  also  xntick 
delighted  to  hear  the  folk-songs  r**iidered  by  the  Dusseldorf  Male  Voice 
Choir  nnder  the  direction  of  Mr.  Kramm,  This  aociety  is  compoiwd 
entirely  of  local  gentlemen,  and  among  its  members  who  contrihuted  t^ 
the  entertainment  of  the  visitors  was  >[r.  Lemke,  who  during  the  ^aj 
had  devoted  himself  in  the  tem).>orary  office  of  the  Institute  at  tbt 
Touhalle  to  the  task  of  acting  as  honorary  interpreter.  The  Municii>il 
Orchestra  was  under  the  direction  of  Mr,  Adorjan.  At  the  close  of  tH. 
concert  (which  lasted  an  hour)  light  refreshments  were  served  in  tlift 

In  addition  to  this  delightful  entertainment,  The  Corpor-itik^n  f' 
Dtisseldorf  conferred  a  further  kindness  on  the  members  hy  preseDtiiig 
eat^h  with  a  handsomely  bound  artistic  souvenir  volume  of  246  pagc% 
written  by  Dr  H.  Meydenhauer,  and  profusely  ilkiatra ted,  describing 
the  city  of  Dnsseldorf  in  the  Exhibition  year  1902. 
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Upholder  of  peatie,    their  dutiful  greeting. — (Bigned)  Wm.  WhitweU 
President."  *     He  said  without  further  remarks  be  would  a^  them 
join  with  him  in  drinking  long  life  and  happiness  to  their  two 
rulertj  the  German  Enjjjeror  and  the  British  King, 

Sir  James  KiTdON,  Bart,  M,P.,  Past-Presidetit,  in  propoeing  "' 
Guegls/'  said  that  twelve  ^eftrs  ago  the  representatives  of  the  I  run  %ni 
Steel  In»titi]te  paid  a  memorable  visit  to  the  United  States  of  America, 
and  they  paid    that  vi&it   in   a^isoeiation    with   the   Verein   detstdch(£i|fl 
Eisenhiittenleute,  tlie    members   of    that  Institution    being    then   pre*' 
sided   over   by   their   lamented    friend,    Mr.   Thielen   ( Vice-PresideEt 
of  the  Institute),  wh'>se  losa  they  all  deeply  deplored.     In  the  United 
States  of  America  were  Englii^li  aud  Germans  who  marclicd  side  bj_ 
iide  in    endeavouring   to   instruct  themselves  for  the  advantage  oil 
their   industries  in   the   great   progress  which  was  then    being   msde 
in  the  States.     Tht^  had  now  come  back  to  visit  their  German  frieudi 
to  »ee  what  advantage  they  had  taken  of  that  experience,  and  ha 
to  red  io  say  timt  the  English  members  were  astonished  at  the  remark 
able  development  which  had  been  made  by  them  in  all  the  branchfll 
of  the  iron  and  steel  manufacture,  and  particularly  in  their  sdentifis 
application  of  the  new  power  of  electricity.     The  English  memWrs  di4 
not  venture  to  say  that  we  would  rival  them  in  our  Britannic  devet0|^ 
mente,  but  he  would  aay  that  if  the  Germans  would  come  to  England 
in  ten  years'  time  our  younger  men  would  show  them  that  we,  too, 
cotild   niake   progress  and  take  advantage   of   the   gri^at  op^)oriunitiei 
which  had  been  given  to  us  in  Germany  of  instructing  us  in  the  wa| 
of  a[>pJying  this  new  power.     Using  the  privilege  of  agOj  he  would  givi 
them  a  little  of  his  own  family  experience.     Some  fifty  years  n^  hii 
father  wiis  a  matuifacturer  of  locomotive  engines  who  went  to  Germany 
for  orders,  and  he  had  the  opportunity  of  su]i plying  locomotive  enginai 
to  Germany,  which  no  di>ubt  they  made  most  valuable  nsa  of;  bat^ 
alas  I  those  days  were  no  more ;  Germany  was  now  supplying  our  own 
Colon ie,-^  with  German  locomotives.     But  our  progress  had  b^en  equally 

•  TUfl  f  on  owing  U  the  text  of  tbe  t«ltigmui  :  — 

'*Kw.  MHj««yit^  ibni  ^iiverliUiiigflti  Scbutzhi^rra  dm  FdedoDi,  ••nd«ii  ehr«rbiell£A 
Hul<]ii;utigigTUM  0(H}  MitglieJ^r  disa  Iron  and  8t«itl  liijititut«t  did  !n  VeiviiiigiiQi: 
jEAhlreicbiiii    deittMb«i)    PiLcbiftiEioAMn    soeben    ihr«     bochat    hefriedigetid    T«rlftiLf«Mi 
Y^riHiiimlung  in  DUtitildorf  nbhieken  uud  db  beiraiideniHwertbe  Aitu(«Httiig  dii 
Sudt  bettobtigten/* 

Tu  thlt  meu^e  the  following  gramotit  rcplj  WM  reoeivod  r— 

**SeiDe  MiLJtJtt&t,  dt^r  Kjiiser  uud  Knuigt  bjibeti  den  HuMigungBgrufei  ijer  doti 
veriAiii melton  Ml^Iieder  det  Iro»  iind  Sterol  lii»titQ«9  gsru  eutgeg«iigpuoEiiiiie<n  tmd 
iMAflu  beitent  dmnken/' 
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doubtedly  a  great  source  of  Btrength  to  their  mtemational  InBtttnl 
that  the  roll  of  members  contained  m  many  German  names,  Thei 
transactions  Jiad  been  enriched  by  most  important  papers  contributetl  bj 
sucli  men  as  Daelen,  Bhigmann,  Sebrddter,  Massenejs,  Heyn,  KylWrg^Mi 
Eyermann.  Tlie  InBtitute'e  list  of  Bessemer  medallista  was  adome^l  h ; 
such  names  as  Friedrich  Alfred  Kinpp  and  Hermann  Wedding.  T\}^ 
thus  saw  that  the  Institule's  debt  to  Germany  was  a  great  one,  and  i 
had  been  still  further  increasetl  by  the  great  kindness  and  hoipitali^ 
that  was  now  Iveing  accorded  to  them  on  the  occasion  of  that  gatlieri^ 
in  their  delightful  city  of  Dussddorf,  He  concluded  hy  again  thaiikii^ 
Cotiiiuerzienmtli  Brauns  for  his  too  Hailertug  remarks. 

Mr,  BtcuHisa  propoaed  the  toast  of  "The  f^iea"  in  a  hmnt^io' 
speech,  to  which  Professor  H.  M,  Howe  replied.  ! 

Professn»r  Wedding,  in  proposing  the  health  of  Sir  Lowthiaii  Bel 
aaid  it  was  now  nearly  thirty  years  ago  since  the  memliers  of  the  It4 
and  Steel  Institute  elected  a  President^  who  wom  now  among  theP 
That  President,  in  hiss  presidential  address^  said  the  important  thing  ^ 
the  Institute  to  bear  in  mind  was  to  unite  practice  and  science^  iiid  S 
T^>wthian  was  certainly  right  to  say  that,  because  ha  got  his  educati^ 
in  Germany,  which  wag  a  country  of  scientists,  and  after  that  he  de4 
with  tlie  iron  ores  in  England,  and  that  was  the  country  of  praeti^ 
It  was  not  every  man  who  filled  properly  the  position  U>  which  I 
had  been  called,  but  Sir  Lowtliian  certainly  did  so,  and  not  onlj  tf 
members  of  the  Institute  in  England  and  Gcnnany  were  thankful  i 
him  for  what  he  had  done,  hnt  the  whole  world  was  indebted  t<>  h0 
He  gave  them  the  toast;  *'The  Nestor  of  the  Imn  Industry,  Sir  M 
thian  Bell,  with  three  hearty  cheers."  j 

Sir  LowTHiAN  Bei.l,  Bart.,  on  rising  was  received  with  loud  and  p| 
longed  cheers.     He  said  lie  was  not  going  at  that  late  liour  of  the  iven^ 
to  detain  them  very  long,  but  before  he  sat  down  he  thought  he  wotdd 
able  to  convince  them  that  instead  of  having  rendered  any  great  ser^ 
to  the  i-cience  of  iron  and  steel,  his  own  feeling  was  that  he  ought 
have  done  a  great  deal  more  than  he  had  done.    It  was  his  good  fortC 
nearly  seventy  years  ago  to  visit  the  town  of  Berlin,  and  he  took  W 
him  a  letter  of  introduction  to  their  great  and  immortal  Alexander  1 
Humboldt.     That  letter  brought  for  him  a  very  friendly  reception  ft 
the  great  men  of  that  day,  from  Von  Declien,  Michelet,  Karslen,  i 
many  others*     Since  that  time  a  friendship  had  been  acquired  by  lit 
self  with  men  like  Ritter  von  Tunner  and  others,  and  Llierefore  he 
insteavl  of  meriting  all  tliat  Professor  Wedding  had  aald  for  him 
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remember  that  it  was  from  England  that  they  had  originally  obtained 
iESiructioii  in  practical  working,  Mr*  Longsdon  having  been  the  link 
between  the  firm  and  the  country  from  which  the  visitors  mme^  Mr. 
Whitwell  made  a  happy  reply ^j  in  which »  on  behalf  of  the  Institule,  he 
expressed  the  appreciation  of  the  fact  tliat  Mr.  Krupp  had  departed  in 
their  favour  from  his  usual  rule  of  closing  the  works  to  strangers.  At 
about  4.30  f.m.  the  party,  having  seen  as  much  of  the  works  ae  tim^ 
permitted^  were  taken  in  a  special  train  to  the  YiOa  Hiigel,  the  resi- 
lience of  Hia  Excellency  F.  A,  Krupp,  where  they  w*ere  received  by 
Mr.  and  Mrs.  Krupp  and  the  Misses  Krupp,  Here  the  visitors  were 
magnificently  entertainedt  after  which  they  inspected  Mr.  Krupp^s  stndit* 
and  jiicture  gtdlery,  which  are  treasure-houses  of  art-  It  was  observed 
that  the  Bessemer  medal  of  the  Institute,  which  has  receutly  been  awarded 
to  the  host,  was  lying  on  a  table  in  the  library.  In  the  evening  the 
party,  thoroughly  gratific^d  by  their  reception,  returned  to  Diisseldorl 

The  1 30  members  wlio  selected  the  Dortmund  excursion  left  Diiael- 
dorf  hy  special  train  at  7*61  a.m.,  arriving  at  Dortmund  at  9.26  JuM 
The  patty  then  visited  the  Hoerde  Works.  After  insijecting  thew 
works  the  company  eplit  up  into  two  sections,  one  of  which  was  taken 
to  the  Hoesch  Iron  and  Steelworks,  and  the  other  to  the  Union  Iron 
and  8teelworka  at  Dortmund,  When  the  round  of  the  works  had  been 
completed  the  mcniberB  met  at  the  Hotel  zum  Rdmischen  Kaiser,  when 
luncheon  was  offered  to  them  by  the  three  companies.  Regie rungsmth 
Mathtes,  who  presided,  made  an  admirable  speech  welcoming  the  guefift* ; 
and  Mr.  Arthur  Cooper,  Member  of  Couneil,  expressed  the  thanks  of 
the  members  for  their  hospitals! e  reception. 

The  members,  about  sixty  in  numher,  who  ekcted  to  take  part  in  the 
Ruhrort  excursion  were  naet  at  the  Duisburg  railway  etatioQ  hy  Mr» 
von  Kraewel,  and  proceeded  in  special  tram  cars,  kindly  provided  by 
the  companies,  to  the  works,  one  half  going  to  the  Phcenix  ^Vorks^  and 
the  other  to  the  Eheiuische  Stahlwerke,  On  leaving  the  Rheiniacbo 
Stahlwerke  the  party  had  a  pleasant  surprise*  On  the  quay-side  tliey 
were  met  by  Mr*  Priii^mann,  the  Chairman  of  the  Royal  Harbour  Com- 
missioners, and  proceeded  in  two  special  steamer®  gay  with  bunting 
for  a  trip  round  the  harbour  amid  cannon  salutes  and  dipping  of  fluga 
of  tlie  vessels  passed.  At  the  harbours  at  the  mouth  of  the  Buhr 
(a  portion  of  the  Kbine  only  eight  miles  long)  14,300^000  tons  were 
handled  m  190L  Adding  the  goods  in  transit,  there  is  obtaioed  4 
total  water  traffic  of  more  than  18,000,000  tons,  a  figure  not  attuned 
at  any  other  poinf  In  the  world  in  inland  navigation.  i 
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furnaces  at  Hodifeld-on-tlie-Bhine,  while  the  other  group  were  conveyed 
In  carriages  to  the  Doisburger  Machine  Gooipany^B  works  (foriDerij 
Bechem  &  KeoUuan'g)  at  Dutsburg.  At  the  latter  establishment 
they  were  received  by  Mr.  Wilheliii  Keetman,  Coiiimerzieurath  Julius 
Weben  and  a  number  of  the  oIHciale,  by  whom  they  were  conducted 
over  the  works,  which  give  empJoymeDt  to  about  a  thoUBand  hand^, 
Tlie  great  feature  of  the  Couipany^s  works,  which  have  an  annual  output 
of  300,000  tons  of  castinge^  ib  the  extensive  use  of  electric  power  for 
driving  the  machines,  <fcc.,  in  all  the  workshops-  The  visitors  were  there 
pleased  with  all  that  they  were  shown.  The  inspection  lasted  l:*etwf»en 
tWLi  and  three  hours.  At  the  close  of  the  visit  the  party  was  driven  to  a 
landing-stage  on  the  RhinCj  where  the  steamer  Prinz  Heinrirhi  gailj  de- 
corated with  flowers,  plants,  and  buntings  was  awaiting  them.  A  «alv(i 
of  guns  having  been  fired  in  their  honour,  the  steamer  proceeded  down 
the  river  for  some  mileiij  and  after  ab<jut  an  hour  returned  to  Duisburg  and 
IKisseldorf.  A  magnificent  hmc  he  on  was  served  on  board.  The  foUowing 
works  had  united  in  entortiiiniuj^'  the  members :  Yulcan,  Joluinnishiitte, 
Kuplerhiitte,Niederrheinische  Hiitte,  Bui s burger  Eisen-  und  Stahlwerkc, 
Roeh  I  ingBr«  others,  C.  Heckmaun,  Hochfehkr  Walzwerke,  Kiefer  Erothersi 
Harkort  Company,  and  Bechem  &  Keetman. 

Towards  the  end  of  the  luncheon  CommerKieurath  Julius  Weber 
said  they  were  told  that  commerce  and  industry  had  a  tendency  to  briag 
men  together.  Tfiat  was  e3]jecially  the  case  in  times  of  dapressitun, 
when  difficulties  were  experienced  in  finding  a  home  market  and  when 
manufacturers  were  forced  to  look  around  them  in  order  to  derelop  aa 
exiH>rt  trade.  It  might,  indeed,  be  said  that  the  Exhibition  at  I>y&5el' 
dorf  had  brought  Eiighuid  and  Germany  together*  At  that  Exhibition 
the  Hhenish  provinces  showed  the  l)est  of  their  products,  and  he  hoj»^ 
thati  as  a  result,  more  trade  would  come  to  them.  A  custom  had 
sprung  up  in  connection  with  industrial  exhibitions  of  discussing  nol 
only  the  best  means  of  pushing  trade,  but  of  producing  the  best  and 
ehe^'tfiest  good^,  In  that  neighbourly  sentiment  they  were  united  wiUl 
ths^  memberiS  of  the  Iron  aod  Steel  lui^ititiite,  who  were  their  guaati 
that  day.  It  was  the  duty  uf  the  German  manufacturers  when  they 
found  that  tradts  was  bad  to  show  the  world  what  they  could  do  and  whit 
they  had  to  otfen  They  felt  grateful  to  the  members  of  the  Institute 
for  coming  to  see  the  E^chibitton  at  Diisseldorf^  which  showed  what 
had  been  accomplished  in  that  distnct  ufter  forty  years  of  hard  work* 
Etigliahmen,  he  hml  no  doubt,  would  appreciate  all  that  had  been« 
»hown  them.     It  could  not  be  otherwise  but  that  competition  would 
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tuniiy  of  travelling  on  the  hanging  railway.'^  The  mil  way,  ^vblcli  is 
operated  bj  electricity,  cnniiecte  Vohwinkel,  Elberfeld,  and  B(irm**n, 
It  is  to  be  about  eight  and  a  qunrter  riiilea  in  leugth,  and  only  about 
three-quarters  of  a  mile  hav«  to  bo  completed.  Tiie  whole  of  the  structurai 
purt  and  the  stations  will  be  finislied  by  February  1  next,  and  the  line 
will  be  opened  for  traffic  up  to  the  terminue,  Barmen -Ritterhau sen,  hj 
about  March .  The  return  journey  to  Dik&eldorf  was  resumed  at  ahoiil 
6  P«M*  The  whole  of  the  visitors  were  struck  with  admiration  at  the  daring 
scheme  of  the  electric  suspended  railway,  which  works  with  aBtoniflhing 
smootLness  at  a  speed  of  about  18  miles  an  hour.  The  excursion  wtt 
organised  by  Mr.  R,  M*  Daelen* 

Ladies'  Excukbion* 

A  special  programme  of  visits  and  excursions  was  drawn  np  for 
the  ladies  attending  the  meeting.  On  Wednesday,  September  3,  the 
ladies  assembled  at  the  Rbein-Tor  of  the  Exhibition  at  10  a.m.  and 
visited  the  Palace  of  Fine  Arts  and  other  portions  of  the  Exhibition 
uuder  the  guidance  of  the  Ladies'  Reception  Committee,  On  Sep* 
tember  4,  the  Municipal  Art  Gallery  and  the  Museum  of  Industrial  Art 
were  visited.  On  September  5  the  Exhibition  and  objects  of  intereat 
ill  the  town  were  visited.  The  Ladies^  Committee  consisted  of  Mrs. 
Beumer,  Mrs.  Daelen,  Mrs.  Hahn,  Mr^.  Korten^  Mra  E.  F.  Lange,  3Iji. 
H.  Lueg,  Mrs*  G,  H.  i^Iiiller,  Mrs.  Sack^  Mrs.  Scbrodter,  Miss  Spannageli 
Mrs.  Alexander  Thselen,  and  Mr.  Richard  Pink, 


KOTES  ON  WORKS  nsITED, 

The  Union  Mining  Company  and  Ikon  and  Steel- 
works, Dortmund. 

These  works  were  established  iti  1872,  being  farmed  bj  the  atnftlp^ 

mation  of  the  following  works:  (L)  The  Hemrichahiitte  at  HutungeD, 
comprising  a  found  ry,  bias  t-f  urn  aces,  puddling  works,  rolling  miils,  and 
workshops.  Further^  the  Carl  Friedrich  mine  at  Weitiua,  and  irom^ 
stone  mines*  (2.)  The  Neuschottlaud  Company  at  Horstj  compriiing 
blast-furnace&t  puddling  works,  rolling  mills,  and  foundry.     Also  inm- 

*  The  Blberfvld  htibgitig  rtiilwny  ii  dcMribeil  in  tiefcall  in  tlia  Enffinnr^  vot  xelf. 
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engines,  and  92  machine  tools.  Here  are  mad©  locomotive  and  railway 
carriage  wheels  for  heavy  and  light  railwaj^s.  The  annual  output  is 
about  10,000  tons.  Besides  these  tliere  is  a  titting-shop  and  foumirjj 
with  3  cupolas,  5  reheating  and  reverberatory  fiirnaees,  5  8teain  engines 
and  52  machine  tools  for  tlie  manufacture  of  chill  moulds,  roller^  atid 
other  castings,  also  for  the  repair  work  necessary  for  the  works  them 
selves.  The  railway  carriage  works  ia  a  recent  addition  to  the  plai»t| 
being  fitted  with  the  most  up-to-date  appliances  of  every  kind.  Trucks 
and  cars  of  every  description  for  goods  traffic  ar«  budt,  td&o  railway 
paasengcr  carriages.  One  thousand  railway  vehicles  arc  turned  out 
annually.  At  the  Dortmund  Harbour  there  has  recently  been  erected  !i 
ship-building  yard  with  the  newest  machinery  and  appliances  for  build- 
ing small  vessels  of  QVQvy  kind,  such  as  barges,  pontoons,  and  lighten 
up  to  210  feet  in  length  and  27  feet  6  inches  in  widtii.  Kepairs  of 
every  description  are  carried  out  on  the  wharf,  special  hoisting 
apparatus  being  provided  for  lifting  vessels  not  exceeding  the  above 
dimensions. 

The  Hoksch  Irok  and  Steelworks,  Limited, 

DORTMUNU. 

The  Hoesch  Iron  and  Steelworks  were  fonmletl  in  the  year  1871  by 
the  members  of  the  Hoesch  family  of  Diiren.  The  first  manag«r  of  tli« 
works  was  the  late  Alljcrt  Ploesch,  who  died  in  1898.  Under  hit 
management  the  firm  developed  from  small  beginnings  to  the  extent  it 
the  present  day.  In  the  first  years  the  firm  was  engaged  solely  in  tb« 
nianuiacture  of  Bessemer  steel  for  rails  and  other  railway  accessories, 
and  the  installation  consisted  of  3  converters,  each  of  6  tons  capacity, 
1  foige,  and  a  rolling  mill.     The  nuiiiher  of  men  employed  was  300. 

At  the  present  day  the  works  comprise  the  following  department  :^ 

h  A  coke-oven  plant  of  190  ovens,  60  of  which  are  Coppeo  ovena,  30 
Btninck  ovens,  and  100  Otto-HoO'mann  ovens.  130  of  these  have  by^ 
product  plants  attached  for  the  recovery  of  tar  ond  sulphate  of  ammoniA* 
The  yearly  proiluction  is  about  210,000  tons  of  coke,  4700  tons  of  lar, 
and  21 00  tons  of  sulphate  of  ammonia. 

2,  A  blaat-fnrnace  inetallatiou  of  4  furnaces  with  17  Cowper  ho1r< 
blast  stoves,  42  steam  boilers  and  an  electric  central  power  plant  with 
4  dynamos  of  an  aggregate  power  of  1100  kilowatts.  The  current 
ia  generated  by  2  gas-driven  engines  each  of  300  horsepower,  and 
each  coupled  direct  to  1  dynamo  of  225  kilowatts.  Further,  Uiere  ii 
6  blowing  engines  eacb  of  tii^OO  horAe- power  and  a  slag  cement  faclorj, 
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The  works  comprise  three  main  divi sloes,  yiz.  :— 

L  TUe  blost-farnace  iaatallations  at  Hoerde  and  Dortmund, 

2*  The  Hermann  Ironworks  ftt  Hoertia,  and 

$.  The  Hoerde  Colliery,  with  the  Schleawig  pit  near  Brack^lj  and 
the  Holstein  pit  nenr  Asi^ehi. 

Blast'Fuinw^m. — The  Hoerde  hlaat*furnace  inatallation  eonsista  of  6 
large  hlast-furDEees,  and  is  fitted  witfi  every  modern  appliance  to  enahla 
6  furnaceSj  with  an  annual  output  of  330,000  tons  of  pig  iron,  to  ba 
worked  continuously.  Van^ius  kinds  of  pig  iron,  chiefly  basic,  ate 
smelted. 

The  pig  iron  mixer  here  was  the  first  one  ever  built  in  Europei,  It 
condak  of  a  tiltmg  ves^sel  always  filled  with  well-mixed  liquid  pig  iron, 
tapped  from  different  blast-furnaces.  It  was  first  put  into  of>eration 
in  1890. 

The  Dortmund  plant  is  not  in  operation  at  the  present  time*  It 
eonsiste  of  two  blast  -  furnaces  capable  of  producing  100,000  tons 
annually; 

'  The  centmi  electric  poweir  station  erected  within  the  Hoerde  Works 
(^nsitita  of  five  blast-furnace  gas  driven  engines,  three  of  "which  are  of 
600  horae-power  and  two  of  100  hor:>e-power.  Thpse  drive  dynamoi 
which  generate  a  polyphase  current  of  3000  volts  pressure*  Tb# 
electric  energy  obtained  is  utilised  at  the  Hermann  foundry  and  ilii 
the  coal  mines* 

Tli*^  Hm^rnann  Fau7ulnj  is  divided  into  several  sections.  The  basic 
stieelworks^  with  four  converters,  has  a  monthly  output  of  30,000  tooa 
of  steel  ingots*  The  open-hearth  steelworks  with  nine  furnaces  produoei 
about  lOjOOO  ton  of  open-hearth  steel  ingots  per  month.  The  blooming 
mill,  with  a  montldy  output  of  28,000  tons,  can  roll  the  heaviest  ingots,, 
at  one  beat,  to  blooms  and  finished  material^  such  as  flats^  billets,  heavy 
girders,  state  railway  rails,  and  tramway  rails.  In  thu  steel  rolling  mUl, 
tramway  rails,  sleepers,  medium-sized  girderSj  and  tiat  bars,  also  shifiir 
angles  and  bulb  iron,  are  rolled.  The  output  is  from  5000  to  7O0CF 
tons  per  month.  In  the  rod  rolling  mill  about  3000  tons  of  matenAl 
per  month  are  rolled  in  the  roughing  and  intermediate  trains,  and  abf»ut 
1600  tons  per  month  in  the  fitiiahing  rolh — rods,  mine  rails^  angleati 
light  girder:?,  and  merchant  iron  being  the  chief  produt.'ts.  The  univer 
rolling  mill  turns  out  lOOO  tons  of  bar  or  merchant  irtm  of  all  aecrtiooJL 
The  plate  miU  produces  monthly  about  5000  ttms  of  rough  plates,  such 
as  ship  pktes,  tank  plates,  boiler  plates  of  Often-hearth  mild  steel,  loco* 
motive  engine  frames,  and  corrugated  sheet  iron;  also  1000  tons  par 
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For  the  tiafHe  within  the  works  44  engines  are  employed,    Hie? 

own  380  standftrd-gauge  milwaj  cars. 

The  tntal  number  of  employ l^s  is  about  500.     An  invalid  fund 
an  old-age  pension  fund  are  organised  for  ihe  workmen,  at»d  anotlier 
penBion  fund  exists  for  the  clerks  and  otj^cials. 

The  compajvy  owna  besides:  a  hospital  for  invalid  aud  injured  work- 
men, barracks  for  workmen  without  families,  220  dwelitng-houses  for 
employes  and  working  men  containing  762  separate  suiteg  of  roomi^  und 
a  club  for  the  employ^n  (clerk a,  officials,  &c.)» 


The  Vulcan  Blast-Flirnacr  Works  at  Hochfeld-on- 
the-Khine. 

The  Scbalker  Gruben  und  Hiitten-Verein  owns  three  blast-furnaces, 
of  which  two  are  at  present  in  opertttion*  One  of  theee  is  20  inetres  (67 
feet)  in  lieight,  the  other  1 8  metres  (60  feet)  lugh,  and  both  are  work- 
ing  at  the  present  time  on  l^o^inatite  pig.  The  whole  of  the  hlast^furiiao^ 
are  fitted  with  Cowper  stoves.  The  company  manufactures  Its  owu 
coke  in  Copp^e  ovens  without  recovery  of  by*prodncts.  The  sli^  i# 
conveyed  Jirect  from  the  blast-furnaces  by  a  wire  rope -way  to  tbo 
dumping  ground,  A  noticeable  feature  about  one  of  the  blast-fumaees 
is  the  thick  iron  plating  of  which  the  body  of  the  furnace  and  tho  bo&b 
are  formed,  whirh  is  lined  witii  fire-brick  of  the  thickness  of  TO  mjn. 
only  {under  2J  inches).  The  whole  exterior  furnace  is  cooled  by  means 
of  water.  The  design  and  type  of  construction  is  patented  in  all  ifon^ 
producing  countries. 

This  furnace  i^  the  outcome  of  the  experience  thai  the  life  of  blail^ 
furnaces  when  hard  driven  is  only  a  short  one*  since  the  refractory 
masonry,  especially  that  of  the  body,  soon  loses  its  form,  ti^erehy  eauaiDg 
irregularity  of  workingj  besides  an  iucreased  consumption  of  coke.  Thi 
new  furnace  at  the  Vidcan  Works  has  now  been  three  years  in  succes^fiil 
operation^  even  when  working  for  long  periods  upon  the  production  of 
ferro-manganese  and  ferro-silicon.  It  is  now  therefore  definitely  aseured 
that  the  furnace  will  not  require  to  be  put  out  of  work  on  account  of 
internal  deformation.  It  should  also  be  mentioned  that  in  this  furnacft 
both  the  bosh  J  crucible,  and  hearth  are  lined  with  carbon  bricks,  Ti 
other  blast-furnaces  of  the  same  type  are  in  course  of  construction,  oi 
of  which  will  have  a  daily  output  of  500  tons,  and  the  other  of  250  toE 
The  Siegen  collective  exhibit  in  the  Diisseldorf  Exhibition  eontait^ 


322  TISITS  AJTD  EXGUBEIOtrS. 

At  Meppeti,  the  Knipp  steelworks,  formerly  F.  AsthoweFer  &  Co^ 
Ajinen  in  Westphalia,  the  G^fmania  wharf  at  Kiel,  4  hlaat-fu: 
plants  at  Dumburg,  Netiwied,  Enger^,  and  KbeinhaiiseQ  (the  last  named 
consisting  of  3  blaet^fnruaces,  witb  an  out-turn  of  180  to  230  tom 
per  furtiace  per  24  hours),  works  at  8ayn  wifch  engineering  wotii; 
and  iron  foundry,  3  collieries,  a  large  number  of  iron-ore  mijiet 
Germany,  a  share  in  iron-ore  mines  in  Bilbao,  and  docks  in  Rotte; 
with  steamships.  The  chief  products  of  the  Essen  Works  are 
(up  to  January  1,  1902,  there  have  been  sold  39^876),  mortal^  giiiir 
barrels,  armour  plates  for  warahips  and  for  fortificationa,  railwi/ 
material,  sbiphuilding  material,  machine  j^rts  of  all  kinds,  steel  and 
iron  plates^  roUa,  tool  steel,  hard  steel,  fspeeial  steels,  steel  winches^  &c 
At  the  cast^teel  worka  in  1901  there  were  in  tlie  sixty  departments  in. 
operation  5300  machine  tools,  22  rolling  mills,  141  aleam  hammert 
of  2  cwts.  to  50  tons  falling  weight,  the  aggregate  being  242|  tons 
falling  weight ;  64  hydraulic  presses  (including  two  bending  presses 
of  7000  tons,  a  forging  press  of  6000  tons,  and  one  of  2000 
tons),  323  vertical  steam  boilera,  513  steam  engines^  of  2  to  3500 
horse-power,  aggregating  43,848  horse- power,  369  electro- motors^  591 
cranes  of  8  cwts.  to  150  tons  capacity,  aggregating  6328 
capacity.  In  the  smelting  works  in  1901  there  were  smelted  on  aa 
averago  1914  tons  of  iron  ore  from  the  firm's  mines  daily.  The  cual 
output  from  the  firm^s  collieries  in  1001  was  1,479,334  tons.  The  totRt 
consumption  of  the  Krupp  Works  in  1900-01  was  995,298  tons  of  cotl 
(of  which  the  cast-steel  works  alone  used  765,589  tons),  473^044  tons 
coke,  and  97,195  tons  of  briquettes.  Converted  into  equivalent*  of 
coal,  this  represents  an  aggregate  consumption  of  the  Krupp  Works,  ii 
so  far  as  it  is  provided  from  Essei),  of  1,678,176  tons.  At  tbe  Meppen 
gun  testing  grounds  735  balliatio  tests  were  carried  out  in  1901. 
total  number  of  family  dwelling-housea  in  the  workmen's  colony  of  Um 
firm  on  January  1,  1902^  w^as  5469.  The  total  number  of  ]>ersons  em- 
ployed at  the  Krupp  Works,  including  3959  officials,  on  April  1,  190% 
was  43^083.  Of  these  24,536  were  employed  at  the  Essen  CH&t«l 
worki^  2773  at  the  Ornson  Works  in  Buckau,  3987  at  theGernmiua  aliip- 
yard  in  Kiel,  6159  at  the  eullieries,  aiid  5628  at  tb©  smeUiDg  worbi, 
Meppen  grounds,  &c.  The  number  of  persons  dependent  on  the  Krutij^ 
Works  in  May  1900  (including  women  and  children)  was  147,645,  Hsi 
Excellency  F*  A.  Krupp,  who  so  hospitably  entertained  the  Institul 
Stiptember  5,  died  suddenly  on  November  22.  An  obituary  ik 
given  eke  where  in  this  volume. 
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fum&aes,  four  aimealmg  furnace^^  tliree  open-heaiih  and  four  and 
furnaces.      Also   20   steam  engmes  and  aevem  large  fttesuEti  hammei 
and  300  maciiine  ti^ola.     The  depiirtnienU  consist  of  an  erecting  ithoj 
ao  iron  and  brass  found  rj,  a  gteel-ca^ting  foundry,  a  forge,  a  presa  foi 
ajtd  a  bridge  building  works, 

2*   Tke  Oherhauseji  Rfdiin:f  Mills. — These  contain  10  puddling  fur- 
naee^i  13  re-heating  furnaces^  and  two  rotarj  furnaces.     Also  II  traiiw^ 
of  rolU,  58  steam  engines,  and  seven  steam  hammers. 

3*   7%€  Oimrhaimen  Ii-omcorhf^  with  nifie  blaat-furnacea. 

4,  The  New  Oherhammi  Mo! ling  Mills.  —  These  consist  of  a  haaii 
Bee^mer  and  open-hearth  steelworks  with  four  con^erteTm  and  fom 
open-hearth  furnaces,  seven  Te-henting  furnaces,  10  trains  of  rcll^ 
and  102  steam  engines  with  Kix  steam  hammers.  The  firm  also  posseesQ 
its  own  coal  mines  and  150  coke  ovens,  90  of  which  are  combln^^d  witi 
by-product  recovery  plants.  They  also  own  numerous  irou^ore  mine 
in  Nassau,  in  the  Siegerland  and  in  Lormine,  besides  a  factory  for  n 
f factory  material ^  dolomite  and  limestone  quarrii^St  three  brick-makin| 
factories,  one  waterworks,  72  dwellings  for  the  works  officials,  $V 
workmen's  dwelhngs,  and  four  barracks  for  the  unmarried  wurknji 
with  accommodation  for  1032  men.  In  1900  the  production  of  pig  in 
at  these  works  was  397|1^53  tons,  and  the  output  of  the  rolling  mi 
was  310,375  tons  of  iron  and  steel  products.  Besides  these,  engii 
boilers,  bridges,  and  east-irun  goods  to  the  amount  of  46^615  tons  wm 
manufactured.  In  the  same  year  1,372,447  tons  of  coiii  were  rai 
and  305,990  tons  of  iron  ore,  108,810  tons  of  limesttme  and  13,940  lot 
of  dolotiiite  were  constimeiL  The  number  of  workmen  and  offjcig] 
employed  ia  13,640,  tlie  wages  and  salaries  paid  amounting  to  i;9'i3, 30tt 

The  Rheinischk  Stahlwerkk  Compaiay,  Meibebicii, 

RUHRORT* 

This  company  was  formed  in  1870,     It  has  a  eaj»LUd  of  XL350»U 
The  operations   of   the  company  comprise   the  tliree  sections:  (1)1 
Meiderich    Works,  (2)    the   Centrum   Colliery   at   Wattenscheid,  w 
{3}  the  iron -ore  mine  at  Algringen.     The  main  operations  at  the  Meii3 
rich  Works  consist  in  tlve  preparation  of  rolled  proilucU  of  all  ku 
with    the    heat  of   the    iron   from  the  blast-furnace,  without  fuf 
eoaiumption   of    coal   or   coke    for  the   whole    process   of   the 
worka    and    rolling-mill     practice.      The    entire    production    of 
basic    steelworks,   and    a    portion    of    the    outturn    of     the     uj 
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(5)  the  coal  mines  j  (6)  iron  niiiies  and  deposiU  in  the  Rhine  PtoTifieo 
in  Hesse-Nasaau  and  Lorraine— these  latter  are  owned  eonjoititlj  wi: 
the  Gutehoffnuiigshutte  ^  (7)  the  works  of  the  Westfali&ehe  Union 
Hamm,  Lippatadt,  Belecke,  and  Nachrodt.     The  total  unmher  of  work? 
men  employed  at  present  amounts  to  about  12,000» 

The  works  thrown  open  to  be  visited  at  Laar  comprises  hbst- 
furuaeee,  rolling  mills  for  blooms,  slaha,  rails  of  all  kind^,  bar-iron^ 
wire,  &a  ;  and  also,  a  basic  Bessemer  and  open-hearth  steel  plant,  a 
tire  rolling  mill,  a  fitting  shop,  and  an  iron  foundiy.  These  emploj 
about  4500  workmen.  The  bla^t- furnace  plant  consists  of  aiz  hhmtr* 
furnaces,  three  of  which  are  of  200  cnbie  m<itres  capacity,  and  three 
new  fnrnaces  which  have  a  capacity  of  480  cubic  metres.  Four  of 
these  are  in  operation,  and  are  principally  working  on  basic  pig  Itoi 
to  supply  the  requirements  of  the  steelworks.  Perro-manganeao  ia 
produced*  The  jilant  is  equipped  %vith  19  Cowper  hot-blast  atovi 
six  blowing  engines  of  about  4500  horse-power,  42  steam  boilers  w|i 
an  aggregate  heating  surface  of  4200  square  metres,  and  a  pressure 
120  Ibst  per  square  inch.  There  are  besides  two  Bolvay  coke-ovi 
batteries,  each  of  24  ovens  with  by-product  recovery  plants,  two  Ol 
batteries,  each  of  32  ovens,  and  one  Otlo  battery  of  60  ovens^ 
entire  production  of  the  coke  oveus  in  1901  was  131,400  tons, 
blast-furnaces  produced  during  the  intermittent  working  period  u 
1901,  151,910  tons.  For  the  production  of  this  latter  there  wa 
consumed  333,000  tons  of  iron  ores,  53,000  tons  of  limestone^ 
16,900  tons  of  coke, 

Tlie  basic  steelworks  consists  of  three  converters,  only  one  of  wW 
is  coutinuoualy  worked,  the  others  being  kept  in  reserve.     The  wei 
of  the  charge  of  liquid  pig  iron  ia  12  5  tons,  and  the  blowing  peri< 
is  nine  to  fifteen  minutes.     The  pig  iron  is  brought  partly  direct  t 
the  blast-furnaces,  the  rest  of  the  charge  being  remelted  in  the  cu] 
before  charging.     The  liquid  iron  from  the  blast-furnaces  and  cupo! 
is  poured  into  a  mixer  of  150  tons  capacity,  which  serves  to  equj 
the  working  of  the  steelworks  and  the  bias t-fu maces.     At  the  tame 
the  mixer  is  employed  for  rendering  uniform  the  quality  of  the 
iron,  and  for  desulphurisation.      The  liquid  iron  is  poured  off  fi 
here  into  the  converters.     The  resulting  mild  steel  always   conl 
about  0*05  per  cent,  of  carbon,  and  is  thus  of  the  very  softest  qttftUI 
When  a  harder  material  is  required  the  patent  carburlsation 
of  the  Phoanix  Company  is  employed,  by  which  steel  of  0^2  to  1 
c^nt,  of  carbon,  is  produced.     The  steel  is  east  in  single  iogots. 
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Thk  Elbehfeld  Suspended  Railway. 

Tha  electric  suspended  railway  connecting  Vuhwinkel,  Kllwrfeld^ 
Bumcn  is  not  only  an  object  of  interest  to  the  general  public,  but 
to  the  technical  world  ;  and  eminent  engineers  from  all  parts  of  tlits 
world  have  travelled  to  Elberfeld  with  the  object  of  seeing  it  Tliu 
scheme  is  now  approaching  conipletion,  and  in  the  portions  alreadi* 
at  work  tmprovementa  have  been  carried  out  where  sueh  appesred 
desirable. 

The  entire  distance  from  Yohwinkel  to  Barmen- Kitterhau^en  ifl 
13,300  metres  (a  few  yard^i  over  S^  milei)*  The  first  portion,  nearljr 
3  miles  in  length,  from  Elberfeld-Kluae  to  the  Zoological  Gandena^ 
was  opened  in  i^Iarch  1901.  8ome  months  later  another  section 
of  3  kilometres  (about  1|  miles)  was  opened  as  far  as  Sotmboni' 
Vohwinkelj  and  of  the  remaining  3i  miles  there  is  now  only  little  over 
three-quarters  of  a  mile  to  complete.  The  whole  of  the  ^truetural  part 
and  tlie  stations  will  be  finished  by  the  1st  of  February  1903,  and  the 
whole  line  will  be  opened  for  traffic  up  to  the  terminus*  Barmen 
Kitterhausen,  perhaps  by  March  L  Somi*  annoyance  was  caused  at  the 
commencement  of  working  by  the  noise  of  the  cars,  but  this  trouble 
has  now  been  remedied*  Unpleasantness  was  also  at  first  causeil  by  the 
slow  sideways  rocking  motion  which  iu  the  case  of  many  paasengons 
proiluced  a  aeasation  similar  to  that  experienced  in  a  ship  at  sea,  b«t 
this  difficulty  too  has  been  entirely  got  over  in  the  case  of  ttuins  com* 
posed  of  more  than  one  car.  It  is  hoped  soon  to  overcome  the  ieodency 
of  a  single  ear  to  sway.  As  soon  as  the  whole  section  is  open  the 
company  will  seek  permission  from  the  railway  administrative  autho* 
rities  to  raise  the  speed  from  IB  to  30  miles  per  hour.  That  this 
increase  in  the  speed  will  not  interfere  with  the  smooth  running  of  the 
carriages  has  been  certified  to  by  three  eminent  engineers,  Dr.  C,  Kcipke 
of  Dresden,  Professor  A.  Goer  in  of  Berlin,  and  Yon  Borries,  consulting 
engineer  for  State  railways  at  II  an  oven  These  gentlemen  stat^  in  their 
report  that  on  April  18,  1902,  in  their  presence,  the  speed,  which 
ordinarily  was  30  to  37  kilometres  (18  to  22  miles),  was  increased  to  W 
to  50  kilometres  (24  to  30  miles)*  This  was  maintained  on  curves  of 
90  metres  radius  (295  feet)  and  was  continued  through  several  ^ta^oiii 
without  stopping*  Whether  on  the  straight  line  or  on  the  eurvt  tu> 
difference  was  perceptible  in  the  motion  of  the  car.  A  glaaa  of 
set  on  the  floor,  tilled  to  within  half  an  inch  of  the  brim,  did  not  sptU 
one  drop  of  the  liquid  throughout  the  whole  journey  there  and  baek* 
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of  a  conibined  horse-power  of  190  liOTse-power,  which  drive  iht 
dynfiraos.  The  cTirrent  is  distributed  to  the  various  motora  which  aetuate^l 
the  dillerent  machines*  Two  Dnrr  boilers  supply  the  eteani  to  these  | 
en^ineSj  the  total  heating  surface  being  203  square  metres.  The  prili- 
cipal  buildingj  the  boiler  shop,  ia  330  feet  long,  80  feet  wide»  and  43 1 
feetr  high,  and  the  central  portion  is  served  by  two  travelling  cnmea, 
eaeh  of  15  ti>na.  The  two  side  wings  contain  four  smiths*  hearths^  I 
with  five  travelling  cranesj  each  of  5  tons  capacity.  The  erecting  J 
and  fitting  shop  is  a  lofty  building  of  14^000  square  metres 
Tije  boilers  are  hoisted  on  board  the  ships  by  means  of  a  large  slewing  I 
crane  of  25  tons  capacity  and  33  feet  radius* 


Ernst  Schiess,  Maghise  Tool  Works, 
D  Osseldorf-Oberbilk, 

The  works  were  founded  by  the  present  ownerj  Mr.  Ernst  Schiess,! 
on   the   1st  January   1860^   under  very  adverse   circumstances.      The| 
works  employed  about  20  hands  in  186G,  while  at  the  present  time  the 
number  of  officials  and  workmen  is  about  1000.     The  plant  consists  of 
B  steam  boilers,  with  a  total  heating  surface  of  1000  square  metres,  31 
steam  engines^  with  a  combined  horse-power  of  850  horse- power,  formii 
a  centriil  station  for  the  gen  era  tig  ii  of  power  and  light*    There  are  beside 
65  electric  motors,  aiid  other  modern  appliunces.     The  iron  foundry  iii 
capable  of  dealing  with  castings  up  to  50  tons  in  weight     The  fittin 
shops  contain  about  400  machine  tools,  among  which  are  160  latbe 
32  planing  machines,  &c.    The  driving  of  the  whole  machinery  is  effec 
by  electrical  power  supplied  by  the  central  station.     The  firm   maniiJ 
faeturea  machine  tools  for  ironworks,  for  wheel  and  axle  manufacl^m* 
for  roll  manufactories,  for  boiler-making  works,  for  tube-rolling  worka 
shipyards,  engineering  works,  electric   engineering    works,  ga^-engine,| 
locomotive  and  waggon  works.     Repair  work  for  railways,  and  work  fo 
manufacturers  of  artillery,  projeetilea,  and  small  arms  of  all  description 
are  also  carried  out. 


HANiEt  &  LuEG,  DOsbeldorF'Grafenberg. 

The  works,  which  were  established  in  1873,  are  situated  tji  Grrfol 
berg;  they  employ  jibout  2000  workmen,  and  eomprise  the  follow 
departments,   viz. :    Engineering    works,   iron   foundry,   caat-iron    titt 
works,   open-hearth  steelworks,   forge  and   hammer   works,    hydr 
forging  and  pressing  plant. 
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ThiB  firm  are  regular  contractora  tc»  the  Imperial  Navy  and  tJie  State 
RuilwajF,  as  well  as  U*  the  lending  locomotive  engin**  Imilderpi,  eleetrie 
works^  shipbuilding  yards,  engineering  worksj  rolling  mills  and  for^goR, 
bridge- bnilding  works,  &e,j  both  at  home  :ind  abroad.  Their  numn- 
ff>ctiire8  are  celebrated  on  account  of  their  neatness  of  finish,  soimdne^ 
and  ready  workahility* 

The  works  ako  supply  wheek  and  seta  of  wheels  fur  light  railways^ 
tramways,  and  field  and  mine  railways^  in  large  qurtntities,  from  their 
own  designs  ;  spikes  for  mine  rail^  lieing  a  speciality. 

All  appliances  are  maintaiued  in  a  fully  upto-date  condition.  The 
open-hearth  furnace  plant  comprises  three  furnaces  of  from  10  to  12 
tons  capacity. 

The  Sack  Enginreking  Works,  Limited,  Katu,  nkae 
dussbldohf. 

The  Back  Engineering  Company  ts  engaged  in  the  manitfacture  of 
rolling'  millB  and  all  auxiliary  machines  for  steelworkfi,  auch  aa  shears 
am]  presses  of  all  kinils,  machines  for  dressing  angles  and  plates^  bending 
machines,  roll- turning  lathes,  hydraulic  apparatus  of  all  kinds^  esspeaij^ly 
steam  hydraulic  apparatus,  also  machine  tools  for  shipyards  The  works 
are  well  adapted  fr^r  dealing  with  portions  of  machinery  up  to  fiO  tons  in 
weight  They  are  of  quite  modern  construction,  and  arc  equipped  with 
machine  tools  so  designed  that  one  pi^ce  of  work  can  he  machined  at  Un* 
same  time  with  several  tcHjla. 

Tek  De  Friks  Company,  Limitkd,  DOsskldorf, 

The  speciality  of  these  works  consists  of  machine  tools  of  the  moot 
moflem  tyi>e,  particularly  vertical  drilling  machines^  lathes,  planing 
machines,  punching  machines,  shaping  machines,  forges^  eteam  hammera, 
&c.,  &c.  All  the  workshops  are  supplied  with  electric  imwer  and  light 
frtjm  the  power  station.  Some  of  the  machine  tools  in  use  weigh  GO  totis, 
and  are  capable  of  taking  the  heaviest  pieces  of  machinery.  In  the 
machine  department  there  are  alt<igether  148  machines  in  operation, 
mostly  tl riven  by  electric  motors  in  groups.  Some  of  the  larger 
machines,  however,  are  driven  by  electric  power  independently.  The 
iron  founilry  is  equipped  with  the  most  modern  appliances,  and  castings 
up  to  30  tons  in  weight  ean  be  turned  out.  The  forge  is  supplied  with 
smoke  preventive  means,  the  smoke  being  drawn  off  by  suction  directly 
above  the  fires. 
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that  necessary  for  lightmg  and  for  supplying  the  extensive  testing  shed^, 
where  all  motors  before  sending  out  umlergo  a  severe  trials  ia  sapphe<l  by 
an  illummating  gasworks  capable  of  generating  1,000,000  cubic  metres 
in  the  year,  and  by  two  gas-producer  inBtailatlons,  which  yield  4000 
cubic  metres  per  hour.  The  number  of  machine  took  comprises  ^>0 
lathofi,  100  planing  and  milling  machines,  TOdriUij^g  machines  and  other 
f^pecial  ttiols.  For  the  manipulation  of  the  heavy  parts  of  the  tnaehin^ij 
1 0  electrtcaUy-driven  travelting  cranes  are  provided,  with  lifting  capacities 
up  iu  30  tons. 


The  Humboldt  Engineering  Works,  Kale,  near  Cologni. 

These  works  have  been  in  existence  since  1856^  the  area  occupied  by 
them  being  97,857  square  metres.  The  works  comprise  :  A  foundry, 
the  main  production  of  which  consists  of  castingii  of  all  sorbs  and  sizes 
— in  particular,  steam  cylinders,  also  retorts  for  chemir^l  works,  and 
other  pieces^  cast  in  open  ^and  moulds.  A  s^ieciality  of  the  works 
is  chilled  castings,  for  all  kinds  of  dividing  or  disiniegrating  machinee. 
A  forge,  boiler  work  a,  and  erecting  ahop.  Here  are  made  Cornwall 
boilers,  water* tube  boilers,  water-purifying  apparatus^  plate  or  sheet 
metal  weldings,  apparatus  for  the  chemical  and  sugwr  industries,  and 
iron  structures  of  every  description,  including  bridges,  ifec. 

Eugine&rinif  lVorht,^^-T\iG  chief  articles  of  manufacture  are  ;  dr€;sdiing 
machinery  for  ores^  coal,  and  other  minerals  ;  mining  machinery^  machines 
for  foundries  and  other  industt  tal  purposes;  steam  engines,  steam  lurbiaiei 
steam-pressure  hoists  or  elevators,  ice  machines,  and  air-cooling  plant; 
plant  for  chemical  works  and  potteries,  complete  plant  and  Hitings  fof 
briquette  making,  from  coal  and  b'gnite ;  also  machinery  for  indl*- 
rubber,  linoleum,  nnd  wire-rope  manufactories,  &e.  Among  the  above 
specialities,  the  coal  and  ore  dressing  apparatus  are  the  best  known; 
plant  of  this  description,  supplied  by  the  Humboldt  Works,  haying 
been  erected  in  all  parts  of  the  world.  In  fact,  there  is  attached  to  ihe 
works  a  testing  laboratory  for  coal  and  ore  dressing  and  crushing 
machinery. 

Perforating  Works, — The  oldest  in  Germany.  Supplies  perforatad 
metal  sheets  and  plates  of  every  description ;  aho  corrugated  platen. 

Loeomotive  Work$, — This  newly-fitted  department^  comprising  a  forgt, 
machining  shop,  engine-frame  buildiug  ehop,  fitting  shop,  and  varniah- 
ing  shop,  haa  been  kept  fully  employed  with  both  Government  C'On^meU 
and  private   orders,  ever  sine*'   it  has  been  in  operation*     About  200 
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complete     harbour     equipments,    locomotive    crane^    coal     shippiogi 
afrpliancea^  ore   conveyers,  electric  locomotives,  i^pecial   appliances  foi 
glass  workd,  caating  cranes,  i^c. 

(2)  Iron  and  Steel  Wurks  Section,  Here  are  manafaetured  complete 
machinerj  installations  for  mmea  and  ironworksi  driven  either  bj 
electricity,  hydraulic  power,  or  steam*  Besides  these  are  supplied  bksl 
furnace  installations,  steel  and  rolling-mill  plant,  ironwork  for  opei 
hearth  and  re-heating  fumiicea,  converters,  electrically  driven  rolling 
milla  for  tires  and  discs,  winding  engines,  charging  machines^  cooling 
beds^  &c. 

The  Aachener  HOtten-Actien-Vehein,  Rothe  Eede^ 

NEAE    AiX-LA-ChaPELLE, 

The  iron  and  steelworks  of  the  above  company  were  laid  out 
1845,  and  from  extremely  modest  beginnings  the  works  have 
gradually  extended,  particularly  during  the  last  ten  years,  until  thef 
have  obtained  their  present  dimensions.  In  1892  the  blast- fartiscH 
works  at  Each  in  Luxemburg  was  purchased,  and  also  iron-ore  minea 
concesfliona  were  obtained  in  Luxemburg  and  Lorraine,  where  ore  h 
been  mined  in  recent  years.     The  works  at  Rothe  Erde  consist  of ; — 

I,  A  basic  Bessemer  steelworks  of  30,000  tons  yearly  capacity,  com^ 
prising  three  converters,  five  cupolas,  two  twin-blowing  engines,  e»ch  of 
2500  hurse-power,  four  two-throw  steam  pumps  to  supply  the  hydraulic 
accumulators,  six  fans  driven  by  a  steam  engine,  16  hydranlio  cranes 
three  hydraulic  tipping  gears  for  converters  and  appliances  for  liftinj 
the  Wttoms.  Also  a  hytlraulie  casting  ciane,  two  locomotive  steam- 
driven  easting  cranes,  two  testing  hammeia,  and  a  central  condensiii| 
plant.  This  latter  consists  of  a  steam  engine  with  air  pump^ 
two  rotary  pumps  for  supplying  the  water,  with  an  hourly  delivery 
7800  cubic  metres  each. 

2*  An  open -hearth  steelworks  with  three  furnaces  of  25  tons  capacity, 
eight  gas  producers,  one  electric  cliarging  machine,  two  electric  travel* 
Bng  cranes  of  50  tons  each,  two  similar  ones  of  1 5  tons  and  ^v& 
capacity  respectively,  two  fans,  electrically  driven,  and  an  electrical]^ 
driven  pneumatic  hammer.  The  yearly  outturn  of  the  open-hearth  steel 
works  is  70,000  tons. 

3.  A  rolling  mill  with   13  trains  of   roUs^  two   of  which    are  h 
blooming  mills  upon  which  rails,  sleepers,  fishplates,  and  all  kinds 
railway  material  are  rolled.     Also  girders  up  to   1  foot  10  inctiea 
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for  ilriTing  the  above  plant  is  genemied  in  7 1  iteam  boOers,  wiili  &  I 
heating  surface  of  5900  square  metres.     Tlie  company  control  a  t 
of  standard  gauge  railway -13  kilometres  in  lengtli,  and  11  kiiomi 
of  narrow  gauge  railway.     They  own  besides  five  large  and   1 1 
locomotives,  also  a  number  of  trucks  and  two  locomotive  crune&\    For  tba 
loading  of  the  finished  material  six  electric  travelling  cranes  and  one^ 
electric  locomotive  cmne  are  provided. 


The  Excursion  to  Peine  and  Ilsebk 

Although  distant  about  200  miles  by  rail  from  Busseldorf,  and  in  s^^ 
of  various  counter  attractions  at  and  about  that  fasciiiatmg  eity,  i 
twenty  members  joined  the  excursion  to  visit  the  interesting 
at  Peine  and  Ibede.^ 

The  proprietors  of  these  works  commenced  operations  in  1860,1 
the  title  of  the  proprietary  company  being  **  Die  Bergbau  nnd  KuttenJ 
Oesellschalt  Ilseder  Hiitte  zur  Gross- Ilsede  be!  Peine''  (Tlie  Mini] 
and  Smelting  Com[mny  of  the  Llsede  Smelting  Works  at  Ciroi^s-Ilsedfl 
near  Peine).  The  ironworks  at  llsede  were  started  to  ntilise  the  h 
deposits  of  browii  iron  ore  at  Adenatedt  and  Grois-fiiilten,  and  the 
blast-farnaccs  were  conuect4>d  with  tlie  mines  by  a  narrow-gaugttl 
milway^  and  with  the  llano ver- Brunswick  line  at  Peine  by  a  normal*] 
gauge  line.  Then  in  1872  an  independent  company  erected  the  Peinai 
puddling  and  rolling  mUl  to  work  up  to  Isetter  advantage  the  Ilsedel 
pig  iron,  which  had  hitherto  been  exported.  But  in  1879,  when  thtj 
Thomas-OilchriiJt  proce^  was  introduced,  the  llsede  company,  realifiitig| 
the  immense  significance  of  this  process  and  quickly  resi>lving  to  mikaj 
use  6t  it,  purchased  the  Peine  works  and  then  gave  them  the  characti 
they  have  since  retained,  of  a  basic  Bessemer  works  in  conjunction  wilhj 
a  steel  mill 

On  the  present  occasion  Dusseldurf  was  left  in  the  evening,  and] 
somewhat  after  midnight  the  visitors  were  installed  for  tbe  test  of 
night  in  Hanover.  Early  tbe  next  morning  a  start  was  mudei. 
Peine,  twenty -two  miles  away,  was  reached  at  9  a.m.  The  com|tmjr| 
wiis  represented  at  the  station  by  various  gentlemen j  including  Me 
Dreger,  Relss,  Steckhaer,  Gerhard  Meyer,  and  Dr.  GeldmiKsheri 
after  a  few  moments  spent  in  introductions,  the  party  wad  spisedtly  oftl 
the  way  to  the  Peine  works  and  miUs. 

Tliese  works  are  arranged  in  three  departments:  the  paddling 
*  Mr.  D.  A.  Loaift  ba<  kindlj  prepared  thia  repori. 
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Following  a  principle  rather  of  pr&n'me  acteHsit  than  of  any  fystematiel 
inspection,  steel  mill  Ifo.  3  was  next  entered.  It  covered  an  extenfiiTe  are^i 
ami  accommodakd  another  three  trains  of  rolls — namely,  one  iinishingj 
train  with  rolls  of  2  feet  10  inches  diameter,  and  with  lifting  tables  ondl 
live  rollers  driven  electrically  ;  another  train  with  rolla  of  2  feet  lOij 
inches  diameter,  on  which  are  r^jUed  r^mnd  and  square  iron  ;  and  a  J 
third  train  consisting  of  rolls  2  feet  7  inches  in  diameter,  upon  whidtj 
section  bars  are  rolled.  The  whole  of  the  current  is  supplied  fron 
Ilsede.  Tweuty-inch  girders  80  feet  long  were  being  rolled  at  thi 
first  of  these  direct  from  the  ingot  without  blooming,  the  time  occupied] 
being  0  minutes  to  the  hot  saw.  The  reheating- furnaces  were  on  tliel 
Bildt  system,  and  cljarging  was  <ione  with  hydraulic  ram  or  with  m\ 
flwinging^  arm  worked  hydraulicjillj.  Beyond  this  mill  was  the  yB7d|| 
impressive  on  account  of  its  vast  area,  its  we  11 -stocked  condition,  and! 
the  two  busy  transporters^ — one  American  and  one  German — employed! 
in  loading  up  railway  waggons.  The  Peine  mills  only  roll  for  stodE  cndj 
to  itandard  patterns,  35,000  tons  of  stuff  being  stocked, 

Havirjg  passed  up  and  down  the  yard,  the  party  ne^t  tI sited 
Ko*  2,  which  was  busy  on  small  sections,  running  them  through  in  two] 
minutes  with  17  passes.    It  contained  three  trains  of  rolls — one  roughing 
train,  with  roils  of  21i  incbea  diameterj  for  BmalL  sections,  heavy  bar 
iron,  and  mine  rails;  one  meiHum  train,  with  rolls  of  17}  inches  dla^l 
meter,  for  thin  bar  iron  and  mine  rails ;  and  one  quick  set  of  runghtjig 
rolls,  with  rolls  10  A  inches  in  diameter^  for  bar  and  hoop  iron. 

Near  rail!  2  was  the  open-hearth  works,  where  one  furnace  wa^  in] 
course  of  constTuction,  but  of  three  25-ton  furnaces  already  en^ttdj 
two  ware  working ;  they  work  entirely  on  scrap  and  were  Wing  nm  in  J 
five-hour  heat^.  The  daily  output  of  each  furnace  is  110  tons.  Thif 
furnaces  art)  lined  with  dolomite,  are  fired  with  water-gas,  and  th»l 
regenerators  have  a  capacity  of  60  cubic  metres*  The  reversing 
etfected  by  means  of  Forter  valves*  There  are  nine  gas  produceni 
steam  and  air  blast,  and  one  water-gas  producer  on  the  Dellwik*] 
system,  with  automatic  fuel-feeding  apparatus. 

The  charging  platform  of  the  furnace  is  on  a  level  with  tht*  flcM^r  ii 
the  (gating  house,  and  there  is  one  electric  charging  mat^^hiue,  with  « 
capacity  of  1^  tons,  which  travels  upon  a  ground  track.  This  is  workt?d  ^f 
four  continuous- current  motors^  and  was  made  by  Lauehhammer,  Tli* 
easy  and  precise  working  of  tius  machiite  was  succeasfnUy  dcmoastnl^ 

The  easting  house  is  served  by  a  iO-ton  electric  travelliitg  crwi^  (^ 
American  design^  and  two  5'ton  cranes  for  handling  ingots  and  motil^  i 
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The  Ilbede  Works. 

A  quarter  of  an  hour's  ride  over  the  company *s  prtvftte  line  brought 
the  vhiVoTSi  to  Ileede^  and  sUiiis  were  directed  to  au  attractive  building 
in  the  vicinity  of  the  etation.  In  one  of  the  rooms  of  thiB  nicely 
decorated  buililing  an  excellent  luncheon  was  served,  but  loitering 
waa  wi&ely  discouraged,  Refreahid  by  one  or  two  delieauies,  wa&lied 
down  with  any  of  a  lar^^e  selection  of  beverages^  the  visitors  were  soon 
again  at  work  looking  at  the  blast-furnaees  and  the  actsessoriea 

These  works  are  situated  near  the  great  ore  deposits  already  Alluded 
to  above,  whilst  tlie  ores  are  obtaiiied  from  two  of  these  depositftp  aJiJ 
also  from  a  mine  situated  in  the  Harz  region^  The  ores  of  the  two 
former  mines  are  basic  in  character,  while  those  from  the  latter  are 
acid ;  the  mixture  of  ores  is  stdf-Huxing,  and  produces  a  pig  containing 
over  2 J  per  cent  of  phosphorus.  The  slag  is  used  for  road-making. 
Tap  cinder  is  also  used  in  small  qtiantities  as  an  addition  to  tlie  chaigo. 
The  reduction  of  the  ore  is  carried  on  in  four  blast-furnaces,  three  of 
which  are  in  contiiiual  operation,  and  one  in  course  of  construction. 
The  furnaces  are  65  feet  in  height  and  have  a  capacity  of  14,128  cubic 
feet ;  they  are  fitted  with  seven  tuyeres  of  7  inches  diameter  at  the 
nozzle.  The  production  of  pig  iron  per  furnace  per  day  amounts  to 
215  to  220  tons,  with  a  maximum  output  of  250  tons.  The  total 
production  of  the  tliree  furnaces  during  last  year  was  226,000  Uais* 
(hie-Lhird  of  the  coke  usetl  in  smelting  is  pro^luced  at  the  workd^  and 
the  ri'maining  two- thirds  is  obtained  from  Westphalia.  The  quantity  of 
air  /or  the  blast  amounts  to  77,700  cubic  feet  per  minute  at  a  pressure 
of  about  9  lbs,  per  m]uar6  inch.  This  air  is  supplied  by  aix  blowing 
engineSj  both  of  old  and  modern  constructionj  one  of  which  is  driven  by 
blast-furnace  gaa  This  latter  supplies  14,12B  cubic  feet  of  air,  while 
developing  500  horse-power.  The  motor  is  two-throw  and  was  supplied 
by  Oecbelhiiuser.  The  blast  cylinder  is  5  feet  2i  inches  in  diameter, 
3  feet  1  incti  stroke^  and  66  cubic  feet  capacity.  The  gas^ogine  cylinder 
s  215^  inches  in  diameter  and  2  feet  11|  indues  stroke.  For  the  heating 
of  the  blast  hfteen  Cow  per  stoves  are  used,  five  stoves  being  It  tied  Ui 
eacb  fur  r  J  ace.  The  diameter  of  the  stoves  i^s  19  feet  3  Inches,  and  tlio 
height  is  98 J  feet.  The  steam  necessary  for  driving  the  remainder  of 
the  blowing  engines  is  generated  in  twenty  boilers  with  a  total  beattog 
surface  of  1G,900  square  feet,  and  lired  with  bla^t^fumace  gas;  partj^ 
culars  are  given  further  on.  The  gases  are  cleaned  in  towers  eroctMl 
immediately  behind  the  furnaces,  and  the  gas  after  cleansiug  contaiat 
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When  the  inspection  of  the  works  was  complete  J  a  retorti  was  made 

to  the  attractive  building  already  dlirded  tOj  and  there  a  gecoitd  luncheon 
was  provided^  During  the  repast  Mr.  Gerhard  Meyer,  in  a  few  felici 
toiia  wordsj  stated  how  ^'ratified  they  were  to  welcome  a  body  of 
British  fellow -crafts  men  there;  whilst  Mr.  Santter,  in  acknowledgiogi 
*  set  forth  ttenaUm  tite  many  interesting  and  novel  things  be  had  seen, 
and  emphasised  various  instances  where  both  appliances  and  practiee 
were  better  than  in  our  own  country.  He  particularly  eompllmenled 
the  hosts  of  the  day  on  the  tasteful  decorations  of  the  room  they  wer« 
in  and  of  other  buildings.  Both  the  vote  of  welcome  and  thai  af 
thank«  were  received  witti  warmth  and  song,  until  the  cry  of  iraui  drew 
the  members  reluctantly  away  from  their  kind  hosts, 

EXCURSION  TO  THE  SAAR  DISTRICT  AND 
TO  LUXEMBURG. 

The  members  who  found  leisure  to  visit  the  distant  districts  of  Saar< 
briicken  and  Luxemburg  were  about  fifty  in  number.  The  i»arty 
assembled  early  on  September  7  at  the  Dusseldorf  Station^  and 
included,  besides  Mr,  G.  J»  Snelnsj  Vice-Fresident,  the  following 
members  : — Professor  IL  Bauerman,  Woolwich  ;  U,  M.  Butler,  Leeds  ; 
A.  Bannister,  Leeds  ;  G,  Bermond,  Le  Creusot ;  C,  CampbeUp  Bpenny^ 
moor:  A.  J,  Charlton,  Manclje^ter ;  W.  J*  Cliarlbjn,  London  ^  P, 
Cuinat,  Unieux,  France ;  W.  Deigliton,  LeeJs  ^  N.  Downing,  Stock- 
ton; C,  Fera,  Seivona,  Italy;  H.  G*  Graves,  London;  W,  HanaoDt 
Btockton ;  A,  P.  Head,  London ;  J.  Henderson,  Frodingham ;  W. 
Hiby,  London  ;  G.  T»  Jones,  Middlesbrough;  J,  Law  Smitli,  Parkhurat; 
C  K,  Lee,  Sheffield  j  G.  C.  Lloyd,  London  ;  T.  B.  Mackenzie,  Mother^ 
well  ;  K  McNeiHj  London  ;  G,  J,  Mair,  Milbm  ;  A,  C.  Meyjes,  London; 
F,  C*  Moorw*>od,  Sheffield ;  B*  Nickel,  Duisburg,  Germany  ;  F.  W, 
Paul,  Tarn  worth ;  E*  V,  Pehraon,  Bofors,  Sweden  ;  U,  Pilkingtdli, 
Chesterfield  ;  H  J*  Preston,  Kettering ;  J,  Proctor,  Lilleshail ;  Geoi^ 
Raine,  Newcastle-on-l^ne ;  John  Eaine^  Newcastle-on-Tyn© ;  J*  G* 
Rid  dick,  Manchester;  E.  H.  San  Iter,  Middlesbroiigh  ;  H.  H,  SmaUtnaiiv 
Wednesbury  ;  G,  Snelns,  jun.,  Bouayj  France;  C,  Bpencer^  Middl«i- 
brough  ;  J.  Summers,  Stal y bridge  ;  J,  Summers,  Jan.,  Staly bridge;  B, 
Talbot,  Leeds  ;  H,  S.  Thomas,  Llanelly  ;  J,  E,  Tout^h,  London  ;  E.  TrotM, 
New  York  ;  T*  Twynam^  Leeds  ;  Otto  Vogel,  Biisaeldorf  ;  T.  Walsbaw, 
Kotherham  ;  T.  W,  Ward,  Sheffield  ;  S,  T,  WeUman,  Cleveland,  Ohio; 
J.  Williams,  Newport,  Hon. ;  and  R.  Williamson,  Cockermouth. 
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between  the  ga^"^  engines  and  the  fan.  The  plant  has  hitherto  worked 
most  sati&factoriiji  and  no  troulile  has  been  experienced  from  dust  of 
any  otlier  cause , 

The  blast-furnaces  were  next  visited.  Of  these  there  are  lour  at 
present  In  blast,  all  of  different  dimensions  and  with  an  output  of  frtim 
1*20  to  230  tons  per  furnace  per  day,  Bagic  pi^f  produced  from  Luxem- 
burg minette,  with  an  addition  of  Nasaau  or  Eui^ian  mang&nese  ore,  is 
the  only  product  blown.  When  ready  for  tapping  it  is  run  inti>  a 
ladle  and  charged  direct  into  the  eouvertera.  The  make  of  the  bla^ 
furnaces  being  in^uflicient  to  supply  the  demands  of  the  aieel  work?, 
it  h  supplemented  by  imported  pig  iron^  which  is  re  melted  in  a  cupola 
worked  continuously  like  a  blast-furnace  and  blown  with  air  at  350  lo 
iOO"  C,  the  tuyeres  and  bosh  walls  being  water-cooled.  The  tbront  ia 
closed  with  a  cup  and  cone  charger,  and  the  gas  taken  passes  througb  Ihir 
wash  era  in  common  with  that  from  the  blast-furnaces*  The  cupola 
was  started  in  June  1901  and  ran  for  six  months  without  repairs, 
the  average  daily  yield  being  about  400  tons  of  remelted  basic  metaL 
A  fifth  blust-furnace  was  blown  out  in  August  1901  alter  IS|  jrean^ 
working.  A  sixtli  in  progress  of  construction  was  nearly  ready  to  gvi 
into  blast;  and  this  formed  the  principal  feature  of  interest  at  these 
works.  It  is  about  100  feet  in  height  and  13  feet  diameter  in  the 
hearth,  23  feet  at  the  boshes  and  16^  feet  at  the  throat,  with  cap  and 
cone  charger  combined  and  a  ceiitml  tube  for  taking  off  the  gasea. 
Blast  1^  supplied  through  16  main  tuyeres  of  7  inches  diameter,  altef^ 
nating  with  another  set  ol  8  of  4|  inclies  dianiefeer  placed  abont  3 
feet  higher  yp.  The  latter  are  only  intended  to  be  used  in  case  of  need 
for  removing  scafiblds  or  for  other  emergeiicies.  The  output  will  ba 
from  250  to  300  tons  daily  *"f  from  30  to  32  per  cent  minette  ores.  The 
charge  is  brought  up  iii  skips  running  suspended  on  overhead  i«i1«, 
the  coke  being  conveved  direct  from  the  ovens  without  unloading  until 
discharged  at  the  furnace  top.  A  vertical  hoist  is  used  to  convey  all 
the  materials  to  tbe  top  and  a  separate  electric  lift  is  fitted  for  tlie  use 
of  workmen  Eaaj  ac^sesa  to  all  stages  of  the  furnace  is  afforded  by 
means  of  platforms  and  step  ladders.  The  gas  cleaning  arrangement 
is  elaborate,  a  large  vertical  dust^atcher  being  placed  immediatdj 
above  the  top  of  the  furnace,  which  separatee  the  heavier  suapenilod 
material  and  returns  it  to  the  furnace ;  the  current  then  dividea  OTar 
two  ddwucomors  on  either  aide,  and,  after  passing  through  scmbbaiii 
is  forced  by  two  electrically  driven  fans  through  cooling  and  diyiitg 
towers.    Another  tandem  blast-furnace  gas  engine  of  600  hoiae-  power  was 
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of  Mr,  Alihnns,  ^fr.  Yowinkelf  mnd  Mr.  Bellinger^  hat  before  staitmgj 
on   the   underground  jaumey  a  full  eiplanaiion   of  the  charaeter  of] 
tlm  Beams  and   the   methcMl  af   working  was  given  hy  Mr,   Allhans, 
and    translated    into    Englmh    by   Professor    Eatierman.       The    Smxt-  I 
brueken  coalfield  is  remarkable  a®  beini?  practieally  in  one  owner^hif>i 
and  worked  entirely  by  GoYern-tnent  offieials  on  behalf  of  the  SiaXiu  ] 
Tlie  area  is  aliont    688   square    miles,   and   is   divided   inia  twenty-] 
four  se{Mvrate  mines^  the  supreme  management  being  with  the  ]klitiing 
Direetion  Board  at  Saarbrlicken,  of  which  Mr.  HiJger  is  presideiit.     The  j 
aggregate  output  of  all  the  mi  ties  for  1901  was  9,S7€,000  loii^v  the] 
Gerhard  group  giving  about  1,130,735  tons.     About  90  i>er  cent,  of  thiftj 
is  raised  from  the  two  principal  seams,  Baust  and  Heiliricbj  ill  the  Upperl 
tlame  eoal  series  at  a  depth  of  S80  yards,  and  h  sent  away  without  other  I 
preparation   than   hand   picking.      Coal-cutting  machinery  drt%*en   byj 
compressed  air  is  largely  made  use  of  in  getting  the  coaL     The  Eisea^ 
beisa  machine  and  a  machine  by  Frohlich  &  Klupfel  wem  shown  all 
work;     These  are  mounted  on  stan (lards,  and  their  output  is  considerably  | 
more  than  ttmt  of  the  machines  carried  on  a  frame,  of  the  In^eraoll-j 
Sergeant  and  Bechem  &  Keetman  type,  of  which  some  are  also  at  work 
in  the  mine^.     The  jounxey  made  through  the  workings  was  about  one 
and  a  quarter  hotits.     The  stables  with  accommodation  for  100  horses 
were  visited,  and  the  cleanliness  and  orderliness  were  everywhere  much 
admired.     A  few  members  who  remained  on  the  surface  examined  the  j 
winding  engines  and  central  condensing  plant,  and  a  further  entertain- 
ment was  provided  in  tlie  shape  of  a  fire-call,  when  the  brigade  witii 
pumps  and  hose  reel  turned  out  to  extinguish  an  imaginary  fire  in  tbt  I 
office  buildings.     When  the  whole  party  had  reassembled  in  the  officds 
an   excellent   dinner   was   served   in   accordance  with  the   ho^pitabli 
custom  of  the  district,  , 

At  three  o'clock  the  carriages  were  again  in  readiness,  and  the  g««tl 
were  driven  in  long  procession  through  a  picturesque  woodeil  district 
to  LouisenthaJ,  stopping  a  few  minutes  on  the  way  to  inspett  tht 
baths,  kitchens,  and  mess-room  for  the  njiners  of  the  Josepha  G>IJii^rf> 


The  Bukbagher  Huttk. 

At  Louise  nth  si  a  number  of  special  tramears  were  in  waiting;  W 
take  the  f^arty  on  to  Burhachj  where  the  object  in  view  was  io  vi^i* 
the  Burbacher  Hiitt©.  Here  they  were  received  by  the  manaipuS 
director,  Mr.    WeUsdorf,  and  other  members   of   the  staff,  anti  ^b** 
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heat  of  the  ovens  is  utilised  in  32  boileis  with  nearly  100, TOO  ^ 

feet  of  heating  surface^  On  completing  the  tour  of  the  workis 
party  atijourncd  to  the  works^  casino  in  the  village,  where  refr 
meat  was  served,  after  which  tiiey  proceeded  by  electric  tram  ca^ 
SaQrbriicken. 
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The  SaabbrOcker  Gusstahlfabrik. 

At  the  invitation  of  Mr*  E.  G.  Behmer,  of  Saarbriicken,  an  altema 
visit  was  arranged  on  Monday,  September  8,  to  the  Saarbriicken  C 
steel  Works  and  to  the  engineering  works  of  Ehrhardt  &  Sehmei 
Schleifmiihie,  Saarbracken.  On  reach  ing  Barbae  1 1  the  party  diTii 
and  those  menibeva  who  had  expressed  their  desire  to  see  tbe  at 
works  were  aceoniiaodated  with  carriages  kindly  provided  hy  Mr.  8ehi 
Mr*  Han^-^en,  the  managing  director^  received  the  guests  and  accompai 
them  J  first,  into  the  foundry  j  where  the  casting  of  open-hearth  e 
direct  into  moulds  was  in  process.  A  casting  ladle  of  some  20  I 
capacity  waa  suspended  from  an  electric  travi*liing  crane  and  brot 
into  position  successively  over  each  mouldy  the  operations  being  exeet 
with  singular  swiftness  and  precision.  The  next  department  waa  ( 
for  dressing  and  cleaning  the  castini^'s,  and  here  an  inspection  of 
various  protlucte  ag^un  showed  the  degree  of  excellence  to  which 
briini^h  of  steel-foundry  work  has  been  brought  in  (rermany.  Kelt 
the  surf  nee  nor  tlie  machined  parts  exhibited  what  could  b©  termi 
ftftW  or  a  blowhole.  Every  kind  of  fasting,  from  light  electric  fittings 
to  the  heaviest  spur-wheek,  marine-engine  hedplatea  and  ttem-pc 
was  in  process  of  casting  and  dressing.  The  works  are  quite  mod< 
and  electric  jiower  is  the  sole  driving  agent  employedj  being  genera 
at  a  central  station  situated  within  the  works.  Pneumatic  tools  i 
hoists  are  largely  used^  and  tht^  air  pressure  ia  supplied  by  large  elec 
cally  driven  air  compressors. 


»rCSi^? 


EHRHABDT  &  SaHMER,  SAARBftUCKEN. 
On  leaving  the  cast-i9teel  works  the  party  were  driven  fur 
engineer  in;,'  works  of  Elirhardt  iK;  Behmer,  where  they  were  reeeivi»d 
Mr.  Sehmer,  who  jiersonally  conducted  them  over  the  works.  Th 
C'impriae  an  iron  foundry  and  pattern  shop,  and  extensive  fitting  i 
erecting  shopa,  forges,  &c.  Eiigiiieering  wtirk  of  the  heaviest  iky*crijit 
is  carried  on  here,  and  the  works  are  equipped  witli  powerful  el  eel 
cranes,  heavy  lathes^,  and  all  kinds  of  the  most  modern  miM^hitie  to< 
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a  200  hoise-poweT  gas  engine,  which  also  supplies  hlast  to  the  htfist- 
f  timac^s.  A  new  felspur  jig  cDal-wa.3hing  machine  has  just  been  trecteil, 
capable  of  washing  60  Ions  i>er  hour.  It  had  not  been  put  into 
operation  at  the  time  of  the  visit,  but  was  nmning  idle  for  the  benefit 
of  the  members.  An  older  plant  for  dealing  with  40  tons  per  hour 
abo  exists.  Owing  to  the  peeuliftr  character  of  the  Saar  ooal  the 
treatment  of  it  in  preparation  for  coking  is  quite  different  from  Iha^ 
of  the  Westphalian  coal.  Alongside  of  the  two  coarse  coal  jigs  is  ptac«d 
a  washing  box  for  the  coarse  shale.  The  shale  is  broken  up  here  and  m 
washed  in  eight  small  coal  felspar  jigs  along  with  the  pea  coal  (about 
0'4  inch  mesh)  and  the  sediment  from  the  coarse  coal  jigs.  The  whol 
of  the  coal  is  washed  down  along  troughs  into  three  tjink^j  from  which  it 
IB  raised  by  three  elevators  whicb  drain  the  coal  and  deliver  it  into 
three  disintegrators.  These  are  driven  at  a  very  high  speed  in  order  to 
grind  the  coal  as  small  as  possible.  The  shale  is  also  carried  away  in 
elevatorB  in  the  same  way»  The  washing  water  is  clarified  in  a  number 
of  settling  tanks,  from  which  the  sludge  is  from  time  to  time  drawn  off 
and  mixed  with  the  clean  coal  The  extra  work  involved  in  washing 
these  coals  ia  apparent  from  the  gre^t  an*ount  of  power  expended  in 
driving  the  plant.  A  coin  pound  engine  of  600  horse-power,  with  an  18 
feet  fly-wheel  and  a  l>oU  3  feet  3  inches  wide,  supplies  the  required 
power. 

There  are  six  blast-furnaces,  with  an  aggregate  daily  producticm  of^ 
435  tona  The  newest  is  78  feet  high,  10  feet  S  inches  across 
hearth^  20  feet  6  inches  at  the  boshes,  and  13  feet  at  the  throaty  witli  a 
daily  yield  of  130  tons.  Seventeen  Cowper  stovees  serve  to  heat  ihe 
blast,  which  is  supplied  by  three  compoimd  and  one  single  eyhnder 
engine,  aod  also  by  the  coke-oven  gasnlriven  engine,  A  600  horse-power 
double-acting  Korting  engine  is  in  course  of  construction. 

The  Bessemer  works  convert  forty  charges  of  12|  tons  each  in  aveiy 
shifi  Of  the  pig  iron  half  is  charged  liquid  from  the  bhist-furnace  and 
half  is  Tomelted  in  cuijolas,*  uaing  6  4  per  cent*  of  Westphaliau  coke. 
The  cupolas  are  kept  at  work  alternately  for  one  week. 

The  visitors  passed  rapidly  through  the  rolling-mill  department^' whart 
a  large  girder  iiiill  was  at  work  driven  by  a  tliree'Cylinder  engine,  tlM' 
first  of  its  kind  built  in  Germany,  in  1882.  Rather  more  time  wai 
spent  in  looking  at  the  wire-rod  mill,  in  which  3-tnch  billets  were  IwiJi^' 
rolled  in  a  contiiinous  looping  miU,  at  the  rate  of  35  tons  in  tweifn 
hours,  the  rods  being  wound  i>n  horizon  t4* I  reela  The  rail  mill  U 
threedaigh  and  all  the  lifting  is  done  by  hand,  the  men  working  with 
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with  an  incline  of  1  in  50.  Manganese  ores  from  Poti  are  also  used, 
and  the  coke  is  imported  exclusively  froni  Germany^  There  4tc  at 
present  five  blast-furnaces  in  operation,  A  sixth  haa  been  rebuilt  and 
is  shortly  to  be  blown  in.  Four  of  these  make  110  tons  of  pig  iron 
daily,  while  the  fifth  yields  160  to  170  tons.  Two  are  closed  by  means 
of  Parry  cones,  with  opening  and  clusinp^  gear  operated  by  steam*  The 
others  are  fitted  with  Langen  bells^  three  being  operated  by  hand  and 
one  by  electricity.  The  gases  are  passed  through  dtist  catchers  and 
vertical  tubings  and  serve  to  heat  tht*  boilers  and  Cowper  hot-blast 
atoves.  The  largest  furnace  has  a  central  gas  take-off  and  a  washing' 
apparatus  formed  of  two  fans  for  the  gases,  and  these  are  also  used  fof 
raising  steam  and  in  the  stoves.  The  latter  in  consec|uence  run  fiv# 
times  as  long  as  the  other  stoves,  using  gas  which  has  not  been  freed 
from  dust*  A  purt  of  the  gas  from  the  same  furnace  is  also  utilised  iu 
driving  two  gas  engines  of  500  horse-power,  and  two  others  of  1:100 
horse-power,  aU  supplied  by  the  Deutz  Gas  Engine  Company,  The  ^^asbb 
after  leaving  the  fan  are  forced  through  scrjibbers  filli^d  with  coke  and 
wo(MJ  shavings^  and  in  this  are  cleaned  elfectually.  The  motoni  serv^ 
to  drive  electric  dynamos  only.  Five  conip<  'und  engines  of  500  hoT9e^ 
power  and  one  of  900  horse-power  e^upply  the  bjjist. 

The  make  of  these  furnaces  i^  exclusively  Bessemer  mettd,  the  wholt 
being  converted  into  i^teel  in  the  adjacent  Bes^^emer  works.  The  metd 
is  first  cartieil  in  a  1 0-ton  ladlu  aud  tipped  into  a  mixer,  of  which  therr 
at©  two,  each  of  150  tons  capacity.  From  these  the  metal  ia  poiifid 
into  a  second  ladlei  which  is  drawn  along  to  the  converter  platform  by  an 
electric  winch.  Tiio  converters  are  six  in  ti  umber  and  have  a  Ga|»C3tJ 
of  10  to  15  tons.  They  are  arranged  in  the  ordinary  way,  and  the  pita 
are  served  by  hydraulic  ingot  cranes.  Tlje  converter  linings  and  bottom* 
are  made  from  dolomite  brought  from  the  ^loiieMe  valley,  which  b  burnt 
in  three  cupolas  in  a  shop  adjacent  to  the  steel  works.  The  m 
grinding  and  mixing  plant,  moulding  presses,  &c,,  are  driven  by  i 
electro-motor  of  110  horse-power. 

The  ingots  before  rolling  are  |)laced  in  Gjers  pits^  and  ou  witbdrivd 
from  these  are  laid  on  tilting  cradles,  whicfi  deposit  them  on  the  li' 
roller  train  of  a  two-high  cogging  mill.  The  rolls  ore  of  ciift  sti'el, 
feet  in  diameter,  and  are  driven  by  a  horizontal  double»<?ylinder  cngin* 
of  2500  horse-power  The  blooming  mill  is  three-high,  with  liftinjt 
tables^  and  is  driven  by  a  vertical  single-cylinder  condendng  euginf  of 
lODO  horse- power.  The  daily  output  of  this  mill  is  000  tons,  T^ 
large  girder  and  rail  mill  is  two-high  and  is  driven  by  a  thitie-c^lin<f«* 
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au*l  delivers  them  to  a  shoot  to  load  them  on  to  railway  trucks.  Tlj 
mrmlds  are  whitewashed  to  prevent  the  pigs  from  sUcking,  Th<?  prii 
cipal  works  of  this  company,  which  were,  however^  not  visited  on  tl 
present  occastrmj  are  near  Aix-la-Chapelle  in  Germany.  They  d* 
from  1845,  when  they  wore  laid  out  on  a  very  small  scale.  The^i?  no 
cover  230  acres,  while  the  works  at  Each,  acquired  in  1893,  tj^XMf 
nearly  350  acres.  Tlje  company  also  own  large  mining  properlies 
Luxemburg;  and  Lorraine,  which  are  connected  with  tlie  railwwy 
eight  miles  of  narrow-gauge  railway.  Limch<*on  was  afterwards  mr 
i»  the  Town  Hall,  at  which  Mr^  Metz  and  Mr,  Mayensch,  the  direci 
of  the  Du deli n gen  Wi»rks,  presideti. 


The  DiFFKHBiKGEN  Ikon  and  Stkkl  Works. 

In  the  afternoon  of  the  same  day  the  membeTs  proceeded  furtlier 
train  to  Diffefdingenj  to  inspect  thy  fine  works  of  the  Deut&ch-Liixd 
burgisch  Bergwerks-   und   Hiitten-Aktiengeselli?chaft.     The   niana^rfi 
difector,  Mr,  Max  Meier,  received  them,  and  personally  coDdncte<] 
tour  of  thtJ  works— one  of  the  heai  arranged  of  modern  plants  in  Eurufi 
The  whole  of  the  blast-furnace  plant  is  arrauged  in  strnight  lines,  ( 
ore  yards  being  in  the  rear.     Then  follow  the  eoke-liue,'%  and  the  row 
stoves  an<l  hlast-furnaees.    In  front  of  these  again  is  a  iunk  road  for  i 
slag  and  metal  ladles,  spJinned  by  bridi^es,  across  whit^h  runners  are  h 
and  beyond  this  ladle-road  are  the  covered  pig-heds.     There  are  f( 
furnaces,  each  pair  being  worked  ijy  nine  st<jves,  of  which  one  is  k«| 
in  reserve.     The  hot  metal  is  taken  to  the  mixers  in  ladles,  which 
lifted  to  the  level  of  the  charging'- plat  form  hy  a  hydrauiic  lioiaL    Tbtl 
are  two  300- ton  Tnixers,  one  of  which  is  kept  under  rejmir  wbd©  ll 
other  is  at  wurk.     They  are  lilted  by  a  hyilraulic  engine,  and  rock  m 
pin  joint  placed  underneath.     The  ladles  from  ihe  mixer  run  on  u  levi 
track  to   thti   Bessemer  house,    which   contains  faur  16-ton  hasic-lim 
vessels  placed  in  line,  two  of  which  were  at  work.     A  n  mlditioiml  flofl 
above  the  converters  is  anpplled  with  lime  by  au  electrically-driven  To^ 
tramway,  and  ail  the  limii  used  is  shot  into  the  turnednp  convfirler  fr«il 
this^  door,     Tlie  casting-pit  is  between  the  c^mverters  and  the  ftoakinl 
pits,  and  is  in  line  with  tiie  former,  the  metal  being  conveyed  t<^  tli<* 
in  an  electric  ladle-crane  and   poured  into  ingot  moulds  standing  << 
bogitjs.     Tlie  soaking-pits  are  large  enough  to  take  four  ingot?!,  iin<l  b' 
hydratilic  puller sr  for  moving  their  co%^ers> 

The  cogging  mill  for  roughing  out  the  sectious  for  heavy  giider*  U 
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engine^.  Three  are  coupled  direct  to  dynamos  with  an  intcnnediate 
fly-wheel  in  each  case.  Those  generators  are  made  by  Schuckert  &  Co. 
to  give  1140  amperes  each  at  300  volts  when  running  at  ninety  tctoIu- 
tions.  The  other  six  engines  are  used  to  drive  air-compresaors  for 
supplying  the  blast  to  the  blast-furnaces,  the  air  cylinder  being  placed 
tandem  to  the  gas  cylinder  and  in  the  rear  of  it.  The  engines  are  all  of 
the  Delamare-Deboutteville  or  Delamare-Cockerill  type,  and  five  of 
the  compressors  are  fitted  with  the  Cockerill  self-cutting  valves,  the  sixth 
having  mechanically  worked  valves,  by  Breitfeld,  Danek  &  Co. 

After  a  brief  inspection  of  the  Uehling  casting  machine  the  members 
assembled  in  one  of  the  casting  houses,  where  an  excellent  cold  collation 
had  been  prepared  on  the  pig-bed,  converted  for  the  occasion  into  a 
banqueting  hall,  and  tastefully  decorated  with  flowers  and  rockwotk. 
Mr.   Max  Meier,  the  managing  director,   on  behalf  of   his  company, 
expressed  the  pleasure  it  had  given  him  to  show  the  works  to  the 
visitors,  and  to  this  Mr.  Snelus,  vice-president,  suitably  replied,  thanking 
him  for  the  cordial  welcome  they  had  experienced.     With  the  return  to 
Luxemburg  in  the  evening  the  programme  of  this  autumn  meeting  was 
completed,  and  the  next  morning  the  members  broke  up  to  make  their 
way  homewards. 


occurrenee  and  the  rapidity  of  ita  transmiBsion.     The  latter,  he  showed* 

mighty  in  the  case  of  wet  gun-cotton,  rise  jis  high  as  fotir  miles  a  sc^imd* 
The  construction  of  elwctrie  and  other  fuses  also  engaged  his  attenticnii 
and  hi^  knowledge  of  blasting  powders  and  raethoda  of  hloaUng  was  of 
great  advantage  to  the  Royal  Commiasion  on  Accidents  in  Mines,  of 
which  he  was  appointed  one  of  the  scientific  memhers  at  its  constitution 
in  1879, 

On  the  subject  of  the  flash  f>oint  of  petroleum  he  rendered  useful 
aervice,  the  result  of  some  jears^  investigation  hc;ing  the  legalisation 
in  1868  of  his  open-test  apparatus;  and  later,  when  this  ptuved 
iiuiufficienti  the  close-test  instrument  was  evolved  and  legalisetd  in 
1879,  and  ha^  since  continued  the  standard.  In  ISSS  he  was  nominate 
an  honorary  life  member  of  the  Institution  of  Mechanical  EngineefS, 
having  in  IH81  undertaken,  for  their  research  committee  on  the 
hardening  of  steely  experiments  on  the  condition  in  which  oaxbiisi  exists 
in  eteeh  The  final  report,  presented  in  January  1885,  showed  ibM 
the  investigation  had  been  <'arried  as  far  as  then  seemed  practicable 
by  chemical  research  alone ;  and  the  subject  remained  in  abeyance 
until  1891,  when  the  idloys  research  undertaken  for  the  same  In^^titution 
by  Hir  William  Roberts-Austen  was  fonud  to  offer  a  meana  of  attacking 
it  afresh  from  another  side. 

In  1S87,  Bii"  Frederick  Abel  became  organising  secretary  of  the  Im- 
perial Institute,  He  was  made  a  Companion  of  the  Bath  in  1877»  was 
knighted  in  1883,  created  a  Knight  Commander  of  the  Bath  in  1891, 
and  made  a  Baronet  in  1893,  after  the  opening  of  the  Imfjerial  Itistitutef 
whiie  in  1901  he  was  created  a  Knight  Grand  Cross  of  the  Yictoritn 
Order,  He  was  a  Fellow  of  the  Royal  Society,  D,C,L  of  Oxford, 
B,8c,  of  (Jambridge,  and  an  Honorary  Member  of  the  Institution  of  Civil 
Engineers.  He  had  been  President  of  the  British  Association,  of  the 
Ghemifal  Society,  of  the  Institute  of  Chemistry,  of  the  Society  of 
Chemical  Industry,  and  of  the  InBtitution  uf  Electrical  Engineers^ 
had  also  been  Chairman  of  the  Society  of  Arts,  He  held  the  Alberti 
the  Royal,  and  the  Telford  medals.  He  was  almost  as  active  in  the 
study  as  ill  the  laboratory,  and  published  several  books,  princiiiiaUy^ 
associated  with  explosives, 

The  Iron  and  Steel  Institute  has  benefited  no  less  than  the  other 
institutions  with  which  he  was  connected  from  hia  ener^  and  public 
spirit.  He  was  elected  a  member  of  the  Iron  and  8teel  Institute  ill 
1878,  became  Fraeident  in  1891,  and  was  awarded  the  Besw 
Gold  Medal  in  1897.     He  delivered  masterly  presidential  ad  druses  la 
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did  not  prMMWitb  carrying  on  a  long  serine  of  tnetallurgica]  researcliei^, 
of  which  the  most  elabnmLe  dealt  witli  the  stracltire  of  alloya  The 
Royal  Society's  Catalogue  of  Scientific  Papers  records  that  he  ptthHshed 
some  two  dozen  papersj  for  the  most  part  singly,  but  occasi anally  in 
collaboration  with  Sir  Norman  Loekyer,  Mr*  F.  Osmond,  or  Dr,  ^Ider 
Wright,  Tbey  deal  with  thu  apectroacopic  characters  of  alloys,  the 
structure  of  metals,  the  connection  between  the  properties  of  metab  and 
the  periodic  law,  and  the  occlusion  of  hydrogen  by  palladium  and  by 
electro-deposited  iron,  In  1889  the  Alloys  Researcih  Committee  of  the 
Institution  of  Mechanical  Engineers  waa  appointed.  Roberte-Ani^ten 
acteii  as  reporter  to  the  Committee^  and  practically  carried  out  all  the 
tests  ;  and  no  one  who  heard  him  in  successiye  meetings  expotinding 
the  difficult  problems  associated  with  the  chemistry  and  niicroslmctuie 
of  metals  could  fail  to  appreciate  his  enthtisiaam  and  ability.  Thi^ 
Committee  has  made  five  reports,  and  a  final  report  has,  it  is  belie ved^ 
been  left  in  draft  form* 

As  a  lee tu  re r  he  possessed  u n usual  gifts.  His  resear che s  on  t h e  d iffi 
of  solid  metals  formed  the  subject  of  hia  Eakerian  lecture  to  the 
Society  in  1890.  His  lecturea  to  the  Royal  Institution,  to  the  Society  of 
Artii,  and  to  the  British  Association  were  much  appreciated.  H\b  last 
public  lecture  was  tha  James  Forrest  lecture  at  the  Institution  of  CtTil 
Engineers  on  April  23^  1902,  He  had  great  sympathy  with  artistic 
work,  and  read  papers  before  the  Society  of  Arts  on  alloys  in  art  metd 
work  He  was  the  author  of  an  ^'  Introduction  to  the  Study  of  Meta^ 
lurgy  *' (London,  Ist  edition  1891,  3rd  edition  1894,  4th  edition  1897. 
5th  edition  1902),  which  has  been  chtu  actei  ised  as  a  masterly  guidt^  lo 
a  knowledge  of  the  principles  on  which  the  art  i^  based. 

Roberts-Atiaten  rendered  service  on  several  Government  com  mitt  era. 
In  1893  he  was  chosen  to  act  as  chairman  of  a  committee  appf:)inted  to 
inquire  Into  the  laboratory  arrangements  of  the  Customs  and  Inland 
Revenue  Departments.  In  the  same  year  he  aer?ad  on  a  commitlc**, 
appointed  by  the  Secretary  of  State  for  India,  to  consider  the  he$l 
means  of  utilising  for  metallurgical  purposes  the  water*i.>ower  availahl« 
on  the  completion  of  the  Periyar  waterworks.  In  1896  he  wa*  a 
member  of  the  lioard  of  Trade  Committee  appointed  to  consider  the 
cause  of  the  deterioration  of  steel  rails  in  ordinary  use.  In  connection 
with  the  committee,  he  conducted  an  elaborate  research,  and  furnished  a 
report  of  great  industrial  importance.  In  1 897  he  was  directed  lo  strfe 
on  a  committee  appointed  to  consider  the  desirability  of  estabtiihln^  a 
National  Physical  Laboratory;  and  m  1900  was  chosen  as  m  mambtr 
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of  research  to  the  Institute,  and  it  wua  from  his  hands  that  the  Bess* 
mediil  was  jfracIoUHjly  dece(>Led  by  Her  Majes^ty,  Qtieen  Victorm.  Th** 
rrfi?»ident*s  reception  at  the  Royal  Mint  to  thy  mcmhera  of  the  Institute, 
ami  the  dinner  given  by  hiru  %o  the  CoimL-il  daring  the  Paris  meetings 
were  amongst  the  pleasantest  of  the  social  functions  connected  with  the 
work  of  the  Institute, 

He  was  buried  at  Canterbury  on  Novembe?  27.  A  memorial  service 
was  held  tln^  same  day  in  the  Cha|^el  Royal  of  th»?  Tower  of  London^  and 
was  attended  by  numerot^a  friends  and  by  representatives  of  the  Iron  and 
Steel  IiistitTite,  and  of  the  other  societies  with  which  he  was  connected. 
A  memorial  service  was  ako  held  at  the  beautifully  decorat-ed  mission 
church  wbich  he  had  erected  near  his  house  at  Chil worth  in  Surrey,  in 
which,  as  diocesan  reader,  he  was  wont  to  minister  nearly  every  Sunday. 

1'   Samuel  Eadclifpis  Platt  died  on  September  5, 1902,  at  Bangor,  in  hm 
fifty-eighth  year.     lie  was  chairman  of  the  Board  of  I>irectors  of  Mes-rsL 

Platt  Bros,  tfe  Co.,  Ltd.,  Hartford  Works,  Oldham,  Lancashire.  The  com- 
pany have  large  textile  engineering  works,  ironworks^  and  collieries,  and 
the  extent  of  tlie  deeiaascd  gentleman's  business  connections  and  responsl* 
bilitiea  may  be  gathered  froto  the  fact  fcbat  at  their  works,  wiiich  cover 
over  CO  acre?,  nearly  20,000  people  are  employed.  In  addition  to  the 
(Jldham  works  the  company  own  extensive  eoUierles  at  MoAtoo  ^id 
Shaw,  Mr.  Platt*s  early  practical  commercial  trainin;^  was  specially 
adapted  to  lit  him  for  a  husijiess  life.  At  the  age  of  eighteen,  afl^r 
having  been  educated  at  Cheltenham  College  and  on  the  G^ntinent,  b** 
entered  bis  father^s  wurks*  His  object  was  to  obtain  a  ihorough  know* 
ledge  of  engineering,  and  aceordingly  he  went  through  the  various  sho^is 
of  the  establishment  which  bore  his  name.  He  subsequently  miuie  a 
sperial  study  of  machinery  construction  in  various  parts  of  the  world. 
His  first  i>xtensfve  travels  were  in  India,  in  1865.  During  the  fiilloning 
year  he  visited  America,  and  on  returning  in  1867,  he  went  to  the  Pam 
P^xhibitioni  taking  eharge  of  the  firmls  exhibitii  of  maehinery.  In  18611 
he  paid  a  vi^it  to  Russia,  and  in  1870  went  a  second  time  to  America, 
Mr,  F*  Plutt,  his  brother »  being  his  companion  on  this  tour.  In  187Jt 
he  crniseil  to  Madoira  and  the  coasts  of  Africa  in  a  yacht  caUisil  the 
Camillat  the  predece^so^  of  the  Narttemanf  which  he  purehaseil  in  tlie 
following  year,  when  he  sailed  to  America  again.  Such  a  high  opinion 
had  he  won  hy  his  industry  and  knowledge  of  the  Imsiness  thai  iil 
1867i  when  the  Erm  was  turned  into  a  limited  liabiiity  company,  ho 
was  appointed  director,  and  when  his  father,  John  Plait,  died  in  1872, 


member  of  the  finii  of  Arrors  Bridge  and  Roof  Company,  LtmlM, 
Cfl^gow.  He  was  a  meiiib«?r  of  the  iDititulion  of  Mechanical  Engi* 
neeiSp  and  was  elected  a  m  ember  of  the  Iron  and  Steel  Institute  In 
IB85. 

JjiMEs  Bakrow  died  on  Seiilember  30,  1902,  at  the  Queen's  Hotel, 
Chiifiter,  at  tlie  ag<3  of  s*ixtv*five  yeai-s,  Mr*  Barrow,  who  eatne  from 
North  Laneoahire  to  Houth  Wales  in  the  early  sixties,  wa3  at  finsi 
manager  of  three  collteries  at  Maesteg,  owned  bj  Messrs.  Btogdent 
namely,  Tywith,  C  wind  a,  and  Garth,  Messrs.  Brogden  bought  tbe 
Tondti  ironworks,  and  eventually  became  the  princij.»al  proprietors  oi 
the  Llynvi  ironworks  and  collieries,  Mr-  Barrow  then  became  the 
chief  mineral  agent  of  the  company  at  Maesteg,  Tondu,  and  Ogniore^ 
und  had  continued  in  this  position  for  several  years,  lie  was  a  leading 
spirit  in  all  public  movemeata  in  tbe  districtj  and  was  for  a  number  o! 
years  a  member  of  tbe  Gianiurgan  County  GiKincU,  He  was  also  u 
nniriilier  of  Council  of  tbe  South  Wab^s  Institute  of  Engineers,  He 
was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1880. 


J 


Petkk  Bbotherhoou  died  at  his  reside&ce,  15  Hyde  Park  Ganlene^ 
i>u  October  13,  1902,  at  the  age  of  sixty -live  years.  He  was  born  at 
Muidenbead  in  1838,  the  son  of  Rowland  Brotherhood,  railway  con- 
tractor, of  Chippenhtimj  Wilts,  Having  passed  Ihrough  a  four  yeaw' 
uj>pli**d  science  course  at  King's  College,  he  received  a  practical  training 
in  se\eral  engineering  works,  Including  the  Great  Western  Looouiotive 
Works  at  Swindon,  and  Messrs*  Jlaudshiy,  Sons,  ife  Field's  marine  eiigi* 
neering  establishment  at  Lambetb^  ajid  began  business  on  his  own  account 
in  1867,  his  present  works  by  the  riverside  near  Westminster  Bnd|;ii 
being  ojiened  in  18BL  It  was  in  1872  tiiat  he  invented  the  special 
engine  with  which  his  name  has  since  been  idejitified,  Ii  has  three 
cylinders  set  at  angles  uf  120^  round  a  central  cl^amber,  and  all 
three  cunnecting  rods  operated  upon  one  crank  within  the  eenliftt 
cbaml>er.  When  exhibited  at  the  Yit-nna  Exhibition  in  1873  itaron>«ed 
great  intereatj  and  its  Hret  application  as  a  steam  niotor  wa^  for  driving 
dynamos  and  ali^  centrifugal  pumps;  in  the  French  warship  MickeHeiL 
Tbe  Woolwich  authorities  recognised  tbat,  if  arrangful  for  working  witJi 
compressed  air^  it  would  lie  greatly  superior  to  tbe  onllnflty  %'«rtioal 
oauillating  cylinder  engine  then  in  use  in  Whitebead  torpedocfi,  Ifat 
new  motor  admirably  iiccommodating  itself  to  the  limited  auii  ciixndar 
section  of  the  torpedo.     The  first  Brotherhood  tliree-cylinder  air  engia^r 
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masters'  weaklj"  meetings  ab  Binniiighaiii.  He  wbs  a  Jtistiee  of  tltft 
Peace  for  Bfafft^rdgbire^  hut  look  no  active  port  in  puhlie  Affkirs.  Hd 
Wia  elected  a  member  of  the  Iron  aud  Steel  Institote  in  1883. 


WttLiAM  HuDePiTH  died  on  November  23^  1902,  at  his  reddexioe^ 
Greene  roft.  Halt  whistle,  North  urn  berland,  at  the  age  of  seven  ty-ser^iL 
In  early  life  Mr,  Hudnpith  acqiuied  tlie  South  l^e  Bride  and  Pipe 

Workii  and  became  joint  owner  of  large  brickworks  and  collieries  ef&e- 
wher^?!.  He  obtained  a  large  tnten^t  in  tbe  iron  and  sted  induatrj  at 
Workin^tDn  and  Maryjwrt,  and  took  part  in  the  formation  of  the  Solwi^ 
Haematite  Iron  Company.  He  was  also  a  director  of  the  Mi»s  Baf 
WorkM  and  of  tJie  We^t  Cnmberland  Storage  Comjiany,  and  chairman  of 
the  Ha  It  whistle  Gas  Light  Company.  He  took  a  keen  interest  In  agri* 
culture,  and  as  chairnian  of  the  technical  education  committee  of  tlie 
Nortlmmberland  County  Council  rt-ndered  valuable  services*  He  wis 
elected  a  member  of  the  Iron  and  Steel  Itiatitute  in  1880* 


^ 


Hm  EiccELLE?ecY  Friedrich  Alfred  KmjpF  died  at  Villa  Hugel,  near 
EsBtin^  on  November  21i,  1902,  in  his  forty-ninth  year.  He  was  bom 
on  February  IT,  1834,  and  being  of  a  delicate  con^titutian,  he  aa  a 
youth  made  long  journeys  U>  .strengthen  his  health,  subsequently  s|>en4l' 
ing  his  winters  abroad  in  Egypt,  and  of  recent  years  in  the  ii^land  of 
Capri.  When  his  father's  death,  in  1887,  placed  him  at  the  head  of 
the  establishment,  be  found  himself  surrounded  by  a  board  of  directors, 
men  of  conspicuous  ability,  who  helped  him  efficiently  in  ruling  ihe 
vast  arjuy  of  workmen  and  the  tittle  state  of  mow  150,000  people  iii- 
dire*!tly  dependent  upon  the  lirm.  The  extraordinary  devtdopmerit  of 
his  works  since  18S7,  the  e  la  l  jo  rate  arrangements  made  for  the  welfare 
of  his  ofiieials  and  workmen  and  for  their  diildren,  and  his  unlimit^ 
benevolence  are  matters  of  common  knowledge.  He  was  a  life  member 
of  thi?  Prussian  Upj>er  House  and  a  member  of  the  Imperial  I>iet  from 
1H93  to  1898.  Highly  sensitive,  reserved,  and  modest,  he  %vas  anzioui 
to  avoid  publicity^  and  successfully  escaped  the  notice  of  the  Vwrn 
until  his  ardent  sup»p>ort  of  th<^  Imperial  naval  schemes  e%pCA!»<«d  liiiQ 
to  unscrupulous  attacks  from  the  Socialist  party.  Like  Ids  fnth^, 
be  refnsed  the  patent  of  nobility*  He  was»  howeveij  the  recipient  oi 
numerous  decorations,  and  as  a  Privy  CounciUor  was  entitled  Ut  the 
predicate  of  Excellency.  He  married  tn  1882  Baroness  toa  Eade  ftud 
leaves  twodaugbtera. 
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V  Benjamin  Martell  died  on  July  15^  1902,  at  his  Te^idetice,  The 
Briars,  Lee  Road,  Black hi^ath,  at  the  age  of  seventy ^s^ven  years.  Fni- 
more  than  thirty  years  he  had  played  a  prominent  part  in  the  many 
important  changes  which  have  taken  place  during  that  [jeriod  in  coti- 
nection  with  the  development  of  ship  oonstrnction  in  thia  country. 
Mr.  Martell  was  born  in  1825,  and  his  jirofessional  career  began  at 
Portsmouth  Dockyard,  \rhere  he  served  his  time  as  an  apprentice.  Kis 
training  there,  together  with  his  fortoniUe  association  during  i^ome  ol 
those  early  years  witli  the  Jate  Mr.  John  Fincham  in  preparing  designs 
of  warships  and  working  out  problems  for  the  displacement  and  stability 
of  vessels,  laid  the  foundations  of  that  technical  knowledge  which 
enabled  him  rn  after  years  to  fill  with  so  much  distinction  the  im- 
portant position  to  which  he  attained.  Mr.  Martell  joined  Lloyd^s 
Register  Society  in  1856,  and  in  sbcteen  year^,  after  serving  the  Society 
at  several  of  the  important  shi|jbiiilding  centres  in  the  country,  was 
called  to  the  position  of  Chief  Surveyor,  which  he  held  until  his  retire- 
ment in  1899.  The  BubjeL^t  which  brought  Mr.  Martell's  Dame  before 
tlje  general  public  was  tije  much  vexed  one  of  the  loading  of  mcrdiant 
Tesnele.  In  the  early  seventies  Mr.  Plimsoll  hud,  after  strenuaiis 
efforts,  succeeded  in  making  compulsory  tm  British  shipowners  the 
marking  on  a  vessers  sides  of  the  depth  to  which  she  was  intended  to 
be  loader!,  withouL,  however,  in  any  way  indicating  the  position  at 
whieh  tiie  mark  might  with  safety  Vie  placed*  It  was  left  to  Mr. 
Martell  to  find  a  solution  of  this  intricate  problem,  and  this  he  did  in  • 
manner  that  has  been  considered  to  meet  admirably  the  requirements 
of  all  classes  of  the  shipping  community.  The  la  hies  of  freeboard 
prepared  by  him,  ami  issued  by  Lloyd's  Register  Society,  were  adapted 
with  some  slight  modifications  by  the  Lcmd  Line  Committee,  and 
in  1890  they  were  placed  upon  the  Statute  Book  of  the  United 
Kingdom.  He  was  a  vice-president  of  the  Institution  of  K&Tal 
Arcliitects,  and  a  member  of  the  Institution  of  Civil  Kngineers,  He 
was  elected  a  member  of  the  Iron  nnd  Steel  Institute  in  1879, 

Oiioy  (tU9Tav  Nordenmthum  died  at  Atvidaberg  on  September  6,  1 902^ 
at  tlie  age  of  sixty -seven.  From  1878  to  1900  he  was  Profe^or  of 
Mining  at  the  Stockholm  School  of  Mines.  He  was  the  author  of  i 
large  number  of  important  memoirs  on  miniuii,  and  did  mneJi  to 
advance  mining  practice  in  Bweden.  He  was  a  memlier  of  the  Swedkh 
Academy  of  Sciences,  and  in  1898  was  awarded  the  gold  medal  of  tb© 
Swedish  Association  of  Ironmasters.     He  was  not  a  member  of  Uii?  Ir»m 
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purauit  of  hifi  eogme^ring  avocattons  that  tlie  paper  lie  read  before  the 
Institution  of  Mechanicjil  Kngineert?  in  January  1860  wa^  poggihlT  hh 
earlieit  contribution  to  the  literature  of  the  profession.  The  snhject 
waa  the  Giffard  injector  for  feeding  steam  boilers,  which  at  that  time 
was  attracting  special  attention.  On  the  ann^nmcement  of  the  inven- 
tion in  France,  its  practical  value  was  promptly  recognised  by  Mr* 
Kohiti^on,  and  the  manufacture  and  introduction  of  the  injector  were 
undertaken  by  his  firm.  After  they  had  first  worked  out  the  details 
of  the  gizes  and  shapes  of  the  conical  nozzles,  and  the  relative  areas  of 
steam  and  water  passages,  one  of  their  engineering  assistants  was  sent 
to  visit  all  the  leading  engineering  works,  witlj  a  view  to  the  suIj- 
stitution  of  the  injector  in  place  of  the  feed  piimp.  When  Qw 
same  subject  vras  discussed  five  years  later,  at  the  Institution 
of  Civil  Engineers,  Mr,  Robinson  was  able  to  state  that  all  the  new 
engines  on  the  London  and  North -Western  Railway  were  made  to 
depend  entirely  upon  the  injector  for  the  feed  water,  and  there  were  nc^ 
pumps  to  the  brjilera.  In  the  folio win|T  year,  1866,  he  read  a  second 
paper  before  the  Institution  of  Mechanical  Eufoneera,  describing  the 
arnmgement  of  the  self- adjusting  injector  devised  by  Mr.  William 
Sellers,  of  Philadelphia.  He  added  that  the  increase  in  maximum 
delivery,  due  to  improvements  in  the  proportions  of  the  injvctar 
subsequent  to  its  introduction,  had  l>eeu  much  more  considerable  in 
England  than  in  France  ;  the  greater  degree  of  success  altatned  in 
England,  particularly  at  higher  pressures,  was  to  he  attributed  mainly 
to  the  adoption  of  a  larger  proportionate  section  area  for  the  stoam  conet 
To  the  Institution  of  Civil  Engineers^  of  which  be  was  elected  a 
member  in  1872,  he  contributed  in  1873  a  paper  on  modem  locomotives, 
describing  ^ix  prominent  examples  of  passenger,  goods,  and  tank 
engines,  designed  with  a  view  to  economy,  durability,  and  facility  of 
repair;  respecting  each  he  gave  some  particulars  of  the  duty  performed 
and  of  the  cost  of  repairs.  Having  been  a  member  of  the  Instittitifm 
of  Mechanical  Engineers  from  1859,  a  member  of  Council  from  1866, 
and  a  vice-president  from  ISTOj  he  was  elected  president  in  IS7S^  at4 
again  in  1879*  During  his  presidency  he  was  elected  an  hononuy 
mt^mher  of  the  Soci^te  des  Inf^unieurs  Civ  lis  de  France,  It  wa«  alsa 
during  his  presidency  tliat  the  Research  Committee  of  the  Institution  wui 
established  in  1879,  for  the  investigation  of  mechanical  que^ttons.  In 
1863,  when  the  iirm  of  Sharp,  Stewart  &  Co.  was  c< averted  into  a  cnin 
pany^  be  l^came  vice-chair  man  and  afterwards  chairman  of  tlie  Boifd  cil 
Directors.     When  in  1888  the  business  had  outgrown  the  Manchi^ltf 
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I,— OCCURRENCE  AND  COMPOSITION. 

Ore  in  Sight. — The  Council  of  the  Institution  of  Mining  and  Metal- 
lurgy appointed  a  committee  to  consider  what  steps  might  be  taken  in 
defining  the  term  "Ore  in  Sight."  The  views  expressed  by  leading 
members  of  the  profession  showed  a  great  divergence  of  opinion  as  to 
the  definition  of  the  term.  It  was  decided  :  That  members  of  the  Institu- 
tion should  not  make  use  of  the  term  "Ore  in  Sight"  in  their  reports 
without  indicating,  in  the  most  explicit  manner,  the  data  upon  which 
the  estimate  is  based ;  and  that  it  is  most  desirable  that  estimates 
should  be  illustrated  by  drawings.  That  as  the  term  "Ore  in  Sight" 
is  frequently  used  to  indicate  two  separate  factors  in  an  estimate — 
namely  :  (a)  ore  blocked  out — that  is,  ore  exposed  on  at  least  three 
sides  within  reasonable  distance  of  each  other ;  and  (b)  ore  which  may 
be  reasonably  assumed  to  exist,  though  not  actually  "blocked  out" — 
these  two  factors  should  in  all  cases  be  kept  distinct,  as  (a)  is  govenied 
by  fixed  rules,  whilst  (b)  is  dependent  upon  individual  judgment  and 
local  experience.  That  in  making  use  of  the  term  "Ore  in  Sight"  an 
engineer  should  demonstrate  that  the  ore  so  denominated  is  capable  of 
being  profitably  extracted  under  the  working  conditions  obtaining  in 
the  district. 
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Iran  Ore  in  France* — The  Haut^Qaercy  Miniiig  Company  has 
been  formed  to  wm^k  iron  ore  in  the  department  of  the  Lot  and  the 
Dordogne.  The  ore  contains  51-86  per  cent  of  iroiij  Q'21  per  cent  of 
manganese,  8  SO  per  cent,  of  silica,  0*056  per  cent,  of  phosphoroi^  and 
0*013  per  cent,  of  sulphur.     It  is  mined  near  Bandiafc* 

A  geological  survey  of  the  ore  beds  of  Normandy  has  been  carried 
out  by  E.  Masse, t  and  the  results  of  his  investigations  are  given. 
The  occurrence  of  extensive  deposits  of  red  and  brown  haematite  iff 
described. 

Iron  Ore  in  Grermany*— K.  Schlegel  J  describes  the  magnetic 
bed  of  the  Sch warden  Krnx   near   Schmiedefeld  in  the  Thnrio^an 

Forest. 


^H 


Oolitic  Iron  Ores  of  Lorraine.— In  a  paper  read  before  the  Vi 

lieuUch^r  Eisenhuttenleide,  W*  Kolilmann§  observes  that  of  late 
much  literature  has  been  devoted  to  the  description  of  the  iron  ore 
deposits  of  Lorraine,  but,  as  a  rule,  they  have  dealt  only  with  one  or 
other  portion  of  these  deposits.  The  author  gives  a  list  of  57  sueh 
papers,  beginning  with  one  by  E,  Jacquot  in  1868,  Of  these,  however, 
ordy  a  sliort  account  (published  by  Hoffmann  in  1898)  deals  generally 
with  the  whole  iron  ore  deposit,  that  is  to  say,  with  both  the  Germmiif 
Luxemburg,  French,  and  Belgian  portions*  This  want  the  author 
endeavours  to  fill  The  elevated  plateau  of  Lorraine,  lying  between 
the  Vosges  and  the  Argonnes,  contains  in  its  western  poftion 
deposits  of  oolitic  iron  ore  known  under  the  name  of  minette.  The 
consideration  of  a  geological  map  of  tliig  district  will  show  that  it 
chiefly  consists  of  Jurassic  beds^  with  some  l>e longing  to  Triasaic 
series,  which  dip  generally  very  gently  to  the  west.  The  ore  depodu 
themselves  are  found  in  a  horizon  which  German  geologists  consider  as 
Lower  Dogger  and  the  French  as  Upper  Lisis,  although  this  particuUr 
horizon  does  not  always  contain  iron  ore  throughout  the  whole  of  the 
plateau  of  Lorraine,  There  are  two  districts  in  which  the  ores  are 
found  in  paying  quantities*  The  northern  is  that  of  Briey,  while  tli* 
southern  is  around  Kancy.  The  first  stretches  from  tlie  region  where 
the  frontiers  of  the  four  countries  meet  southwards  to  a  point  nljoul 
9*5  miles  to  the  south  of  Metz,    From  tliia  point,  for  a  further  distancA 

*  JEoie  det  Mine*,  voh  siis.  jj.  S>BG, 

f  AvmakM  dti  Mmes^  lOih  Eermn,  vuU  i.  pp.  58l^fl0a. 

i  Jkit»ehrift  (fer  Dmtmktn  Oeolo^Mirn  aetKifntrha/L,  1S02,  pp.  24 -55- 

in  the  text* 
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The  number  of  complete  analyses  of  minette  which  have  b«eii  pah* 
lisheti  is  hut  very  small  Thy  result,  is  that  there  ia  but  very  little 
knowledge  as  to  the  real  chamcter  ot  the  oie.  The  author  thinks  that  i 
in  addition  to  the  oxides  or  hydroxides,  carbonates,  and  silicates  of  iron,  ■ 
frequently  com|tHeated  iron-alumina  silicates  and  iron-nia^neaia-aluniiua 
silicates,  such  as  thuringUe,  cronetedtite,  and  chamoajtej  occur  in  ndnette 
ore^.  The  author  doubts  the  existence  of  the  iron  sill  co-carbon  ate 
which  Blum  believes  he  has  observed  in  one  of  these  ores.  An  atialy^ia 
of  a  minette  ore  can  only  give  useful  results  if  it  is  accompanied  by  a 
inicruscojHc  investigation.  As  a  rule,  tliose  ore  beds  which  are  of  com- 
mercial vahie  contain  per  cent.  : — 
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The  contents  of  silica  and  clay  arej  iiowever,  often  far  more  con 
siderahie.  The  silica  sometinies  exceeds  40  per  cent,  whilst  at  otbe) 
times  beds  rjcctjr  in  which  lime  and  marl  make  up  50  per  cent,  of  the 
whole,  tite  bed  itself  beijig  then  quite  valueless  as  far  as  its  Wng 
worked  commercially  is  concerned. 

Alter  a  general  petrographical  consideration  of  the  uiinette  beds  as 
a  whole,  tlm  author  proceeds  to  describe  each  particular  deposit  id 
detaiL  Seven  beds  are  distinguished  as  beinj;  the  chief.  These  are  (I  J 
the  red  sandy,  (2)  the  red  or  red  calciferoiis,  {3}  the  yellow,  (4)  lb 
grey,  (5)  the  brown,  (6)  the  black,  and  (7)  the  green  beds.  The  eomjiOBi' 
tion  of  the  grej  bed  in  the  German  ore  district  is  about  i — 
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Iron  Ore  in  Italy.^A  detailed  description  of  the  ore  depoiito  of 

Erosso  and  Traveraella  in  Piedmont  has  been  published  by  V,  Novareie.* 
The  ore  deposits  aasQciated  with  dioriue  eruptioD  products  are  di^dded 
into  three  groups  :  (] )  the  magnetite  deposits  of  the  Bersella  valley  west 
and  nonli  of  tlie  main  ilionte  mass,  (2)  the  specular  iron  ore  and  pyrites 
depogits  of  Broaso  east  of  the  diorite  mass,  and  (3)  the  sulphide  deposiia 
in  fissures  in  the  mica  scliist  The  first  of  these  deposits  were  worked 
as  far  back  as  1437.  Mining  operations  have  now  ceased,  but  attempt 
are  being  made  to  restart  the  mines. 

Iron  Ore  in  Kussia. — W.  Tarasaenkot  describes  the  magnetite 
rock  met  with  at  Michailowka^  in  the  Winui^a  district^  Podolia, 
Russia.  The  rock  contains  45  per  cent  of  magnetite,  and  differs  in 
geological  cliaraeter  from  the  Krivoi  liog  magnetite  rock* 

A.  SchepowalnikofF  I  describes  the  ore  deposits  at  Tnlomosersk,  in 
the  government  of  Olonetzk.  Specular  iron  ore  oiicui^  intercalated 
between  limestones.     It  is  rarely  met  with  in  the  shale. 

A,  Krosnopolsky  §  gives  the  results  of  a  geological  survey  of  the 
Bakal  iron  ore  region  in  the  Southern  Ural. 

J,  Morozewiczll  describes  the  Magnttnaja  Gora  iron  ore  deposit  in 
the  Southern  Urafi 

Iron  Ore  in  Spain, — h.  Malladall  gives  a  geological  deaeription  of 

various  iron  ore  deposits  in  Spain.  Mint*s  in  Badajoz,  Seville^  Cordova, 
Albacote,  Almerii),  Guadalajara^  Lugo^  and  Gjjpuzcoa  are  dealt  with, 

R.  S.  hozano**  describes  the  iron  ore  deposits  of  the  river  Ibor  in 
the  province  of  Caceres,  The  ore  contains  46  53  \mT  cent,  of  iroa, 
3 '24  per  cent,  of  manganese,  1"17  per  cent,  of  sulphur,  and  0-16  per 
cent,  of  phosphorus,  Ttie  qu.»tiity  of  ore  available  is,  however,  not 
sufficient  to  warrant  working  on  a  large  scale, 

J,  Hertfzatt  directs  attention  to  the  deposits  of  specular  iron  ore  at 
Jabngo  in  the  province  of  Huelva. 

A  «lescription  has  been  pubhshed  of  the  iron  ore  deposita  of  the 
province  of  Lugo»  Galicia,  Spain.      The   ore*  wliidi    contains   49*31 

•  Seitfichrift  fUr  ptMkiuek*  Ot^lsgie,  vol.  x.  pp.  1T£>-1BL 

t  OfnlotjtAchtt  CenirtdMati,  vgl  ii«  p.  322. 

t  Ibid.ji.Ml. 

S  Ann.  ^M.  €t  mit*.  (fr  fa  Rttsiie^  vol.  v.  pp.  lOtt^llO. 

\\  Ibid.,  pp.  114-117. 

IF  B&lttindr  !ii  Comi^itmdtf  Mnjm  gtofoffico  tU  EepaMa,  roL  xxvi.  pji.  t32-iPJilL 

••  Ibid,,  pp.  206-219. 

f+  MetniUi  Min4rm.  vol.  liii.  pp.  295-296. 
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extent  and  quality^  but  they  are  rather  out  of  tlie  way  for  nulwAy 
traimport.  They  exist  in  great  beds  resting  on  the  Cambrian  schiste ; 
probably  ibey  do  not  jvenetrate  them.  They  have  given  tlie  sappUt^s 
of  ore  to  a  number  of  Catalan  forgea  for  a  long  series  of  yeara.  One 
of  these  forges  is  still  in  activity,  making  ahoeing-iron  and  nait-roda  of 
excellent  quality.  The  country  people^  when  ordered,  go  to  on©  or 
other  portion  of  the  deposit,  break  it  out  with  a  simple  pick  or  hoe^ 
loarl  their  carts,  and  take  it  to  the  forge,  where  they  are  paid  so  mneh 
per  qututal  for  it  deliveretl,  costing  tliem  nothing  bat  their  work.  The 
ore  is  of  a  dark  brown  colour,  with  a  red  streak.  There  will  be  no 
blasting  in  working  it,  as  it  is  easily  broken  by  the  pick,  although 
snfRciently  hard  not  lo  disintegrate  on  liauJling.  It  averages  56  per 
cent,  iron,  with  O'lO  of  phosphorus. 

Due  west  from  Vicuna  the  Incio  deposits  exist  Theae  are  thick 
lodes  rather  than  surface  deposits.  Analyses  of  ore  from  three  of  the 
lodes  yielded  i  50*24  per  cent,  iron  and  0*10  pliosphorns,  56'80  of  iron 
and  010  phosphorus,  anil  55*60  of  iron  with  0*43  phosphonis.  These 
also  supplied  Catalan  forges  for  a  long  period,  but  their  time  haa 
passed,  and  they  are  now  extinct* 

F,  11  ling  worth  ♦  sum  nut  rises  the  present  condition  and  probable 
future  prospects  of  the  iron  ore  districts  of  Spain. 

F.  D.  Adams  f  gives  some  notes  on  the  iron  ore  deposits  of  Bilbao. 

Iron  Ore  in  Canada* — F,  HiUe  |  deals  with  the  iron  de|>osiu  of 
Western   Ontario   and   their  genesiB,  aud  classifies  them  aa  followt; 

(1)  Huroniau  magnetites  and  Hmonites  from  carbonatea  found  in  the 
Kaministiquia,  Matawin,  Green  Water  Lake,  Hiinter^a  lalanii,  and 
Atikokan  ;  (:2)  Post  Huroaian  magnetites  found  in  Green  Water  Lakfi 
anil  Heail  Lake ;  (3)  Cambrian  magnetites  and  carbonates,  iS^e.,  espeej' 
ally  njagnetites,  at  the  northern  margin  of  the  fonuation.  The  first 
four  localities  of  the  iirst  class  show  extensive  deposits  of  |ioor  ajid 
siliceous  magnetites  averaging  35  to  40  per  cent,  of  iron,  Ti*a  Aiikokatt 
ores  are  capable  of  being  enriched  by  ilressing.  The  general  geological 
features  of  these  and  the  other  deposits  are  desert bed^  and  ibeir 
formation  is  ascribed  largely  to  the  action  of  water, 

W.  Blakemoreg  describes  the  iron  ore  dej>osits  near  Kitcbenef, 
British  Cfthimhia,     They  consist  of  five  paraltel  veins  rnuuing  for  m 

*  Cmitraet  Jmtrtvtf.  vul.  nlvii.  p]K  TSD-SOS, 

f  Jmirnitt  0/ thn  OimtdiaTi  Minhvj  InMiuU^  vol  iv.  pp.  196-204- 

X  Jhid,i  ¥oJ*  V,  pp.  49  Cl,  with  mw|Mi* 

%  Ibid.,  vol  F.  n»-  76-80, 
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ftnd  th^  reaultant  mving  in  freight.  The  balanct^  shows  an  ecotioiny 
of  2Jd.  [>et  ton,  or  about  XI  00,000  aunually,  A  further  advantage  of 
the  tiffed  ore  would  be  iucrwftsed  facility  in  handling  and  an  ectiitomy 
of  fuel  and  in  the  dust  blovrn  out  by  steam  in  the  furnace*  The  ora 
would,  however,  have  to  be  kept  under  cover  after  drying. 

The  usual  long  list  of  cargo  analyses  of  Lake  Bii|ieriar  iron  ores 
from  the  various  ranges  hiLs  Ijeen  [luhlishiid  by  the  Lake  Superior 
Iron  Ore  Association.*  The  limits  for  the  iron  percentage  ranges 
between  648  and  40. 


Alteration  of  Spathic  Iron  Ore  into  Ma^etite^— K.  Bu^sf 

Btatt;^  that  iit  Krupp'^  Lui^e  unne  at  HorliaUBeii  spathic  iron  nre  ii 
converted  into  tuagnetite  by  contact  with  basalti  which  traverses  it  in 
several  veins. 

Magnetism  of  Magnetite. — F.  Kinne  l  discusses  th«  f)isap|>ejir- 
ance  and  reappearance  of  niagnetiftm  on  heating  and  eooliiig  magitrtjii*. 

Analyses  of  Iron  Ore*— B.  Osann§  deals  with  the  cost  of  reduc* 

tiou  of  a  serLea  of  iron  ores,  &e.,  of  some  of  whicli  the  folio  win  g  am 
partial  analyses  :^ 

(1)  Calcined  sjioihir  ore  from  Bilbao. — Fe,  58;  Mn,  hO  ,  P,  0-015  s 
k\p^  20^  CaO»  0-8;  MgO,  30;  S,  0'4 ;  residue,  70;  H^O,  10. 

(2)  Oalmmd  Siegm  s})athic  ore.—Fe,  42^8;  Mn,  8-5  ;  l\  0-01  ;  Cu, 
0'18;  SiC^  +  Alpji,  127;  Mj,'0  +  CaO,  3^6  j  moisture,  9U  This  it 
run  iiown  lor  i^piegttk^iseu  coniainiug  11  |ier  centi  of  man*:anese. 

(3)  Pi/rifes  remfues.—Ff,  54;  residtje,  3-5;  Mn,  O'l  ;  P,  0-02:  1% 
0^5;  Cn,  0-2  ;  Zn,  0-12;  S,  2-0;  Hp,  16^5. 

(4)  Dillenhurff  red  hmnatite, — Fe,  63;  residue,  18;  Al^Oj,  2;  MnOt 
0-6;  PjjOs,  0-6;  S,  0-1  ;  H^O,  3-0. 

(5)  Bromn  iron  ore  from  the  Ddm  district. — Fe/i^  58;  re^fiini*, 
lift;  AI/J3,  44;  CaCOg,  3i> ;  MnO,  16;  }\0^,  0*9;  SO^,  025; 
vrater'  nf  hydratifui,  6;  HMiisinre,  12. 

(6)  Upper  Sii^fm  brown  iron  ore. — Fe,  25 ;  Mn,  1  *0 ;  MgO,  0*5 ; 
Pb,  0-6;  Zn,  IT;  COjj,  2;  H^O,  33, 

*  The  ProduHUn  of  Inm  Ore*  in  1901,  pp.  2C-,S0,  Wiwhiiigtaii.  IUCH  ;    /rvfi  Trad^ 
Beui^i  April  17.  10()2,  pp.  M-^lil 

f  Qeoli^jUtchAg  Cetttralhtaltt  vol.  ii,  p*  48*5. 

t  Cmlraffjiatt  fiif  Jftnem^te,  1902,  pp.  294-^^05- 

§  Stahl  und£iJten,  to!,  x^ii.  pp.  1106-1110. 


.te«M>»..-««  I* 
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the  various  mi  ties  have  l&rge  outjmts^  only  two  wltitiiDg  over  a  million 
poods  each  (say  16,130  tons).  Larger  undertakiDgSg  iucltidiDg  two 
English  comimniea,  bare  lately  been  started.  In  geneml  tlj«  mlu^n 
are  badly  eqnlp{»6d,  and  as  ihe  ore  is  princip&Uy  mined  far  export, 
nothing  con  taming  less  than  55  per  cent,  of  manganese  U  won*  More 
than  fifty  sucli  manganese  ore  deposits  are  known  m  the  Oaucaausw  In 
South  Ruida  the  manganese  miniug  industry  has  a  better  organieation. 
The  ore  in  the  beds  is  estimate<:l  ai  some  7,40^^000  tons.  Both  deep 
mining  and  ojien-eaet  are  employ e^l,  aiicl  ore  is  mined  contaiDitig  from 
30  to  50  per  cent,  of  manganese.  The  four  most  important  mines  are  ■ 
ill  the  vicinity  of  Nikopol.  In  the  Perm  district  of  the  Ural  Ui©  " 
manganese  are  deposits  are  neither  numerous  nor  rich,  but  in  the 
Orenburg  division  the  deposits  are  numerousi^  and  they  contain  lar^ 
qu  an  title  a  of  ore.  So  far,  however,  no  ore  has  been  mined,  as  fuel  is 
absent,  and  no  good  means  of  communication  exist.  T^e  considerabte 
fall  in  prices  which  occurred  at  the  end  of  1901  and  t be  commence- 
ment of  1902,  as  well  as  the  eoustantly  increasing  competition  of  the 
Brazilian  ore,  has  placed  the  matigaueae  ore  industry  of  Kuasia  iti  a 
critical  position*  The  ore  h  not  dear  lo  mine,  but  transport  is  diifieuH 
and  expensive,  and  cheaper  transport  and  greater  tacilitiea  in  lliia 
direction  are  badly  needed. 

Eecent  Researches  on  Meteorites.— A  <le*criptive  catal( 

witii  ninety-two  plates,  of  the  meteorite  collection  in  the  Uutted  Si 
National  Museum  has  been  compiled  by  W.  Tussin.* 

S.  Meunierf  directs  attention  to  the  false  meteorites  In  tht  Paris 
Museum  of  Natural  History.  Certain  slags,  iron  pyrites,  aud  iron  or^a 
have  long  been  mistaken  for  meteorites. 

The  fall  of  a  meteoric  stone  near  Crnmiin,  County  Antrim,  on  Sep- 
tember 13,  1902,  is  recorded  by  W.  H.  Milligan,!  and  some  iiot«s  on 
the  meteorite  are  given  by  L.  Fletcher.§  The  meteorite^  which  weighs 
9  lbs.  f)  J  ox.,  has  been  purchased  by  the  Trustees  of  the  British  ]VIuseuni.|| 

H.  A*  Ward  U  gives  an  account  of  a  visit  paid  to  a  meteorite  which  is 
estimated  to  weigh  50  tons,  and  was  discovered  in  IS76  in  the  State 
of  Sinaloa,  Mexico,     It  Is   13^  by  6|   by  §J    feet  in  dimenaions^  And 

*  Annual  IkjtrtH  of  ike  BQurd  nf  R^jttiU  of  the  i'^iUu&nmn  Inttiiuiiont  pp.  67n  69a 
t  Lit  Nature,  voL  m,  pji.  19-22. 

f  ibnl,  |>p,  577- 57B. 

[|  The  Timea,  November  11,  1902, 

If  Frof*t&iin(f»  of  the  Mt^hester  Academy  of  Science t  vol.  iv.  jip.  CT-74 
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results  of  the  examination  of  nineteen  irons,  with  nuiuerona  an&lyseaof 
l\w  irons  as  a  whole,  anri  of  the  various  minenils  (cohenite,  achreiber- 
Bite,  tieuite^  fimorphous  carbon,  and  cliftonite)  isolated  from  them. 


U.—IRON  ORE  MINING. 


firon  Ore  Mmes. — ^W.  S,  Harwood  *  gives  an  illustmted  Accoant  of 

miuiu^  in  the  Lake  Superior  districts 

A.  W,  Robinson  t  givea  an  illustrated  account  ahowinir  the  marvellous 
development  of  tlie  use  of  the  steam  sfiovel  for  nahiing  iron  ore  in  th« 
Lak«  Superior  district.  Ten  years  ago  the  ordinary  or  standard  sife  of 
machine  weighed  55  tons,  and  carried  a  bucket  of  1 J  cubic  yaril' 
capacity  ;  now,  machines  of  90  tons  with  buckets  holding  i  cubic  yards 
are  built,  and  are  workeii  by  the  same  number  of  men  a®  were  required 
for  the  smaller  aiEes,  and  all  the  niovenients  are  controlled  by  steam 
instead  of  hand  levers.  The  speed  attained  is  four  buckets  full  per 
minute^  and  this  necessitates  eight  separate  movements  on  the  part  of 
two  operators  for  each  load.  An  average  day's  work  of  a  good  shovel 
is  us  much  as  2400  loads  or  SGDO  tons,  as  compared  with  A\  tons  for  % 
lahouter  with  a  pick  and  shovel*  It  is  estimated  that  2000  machinef 
are  at  work  in  Canada  and  the  United  States.  In  the  Lake  Superior 
district,  the  steam  shovels  are  used  for  three  classes  of  work,  stripptitg 
the  ore,  digging  the  ore  itself^  and  loading  it  into  railway  waggans;, 
and  loading  the  on%  often  in  a  frozen  state,  from  the  stock  piies.  The 
cost  of  handling  material  is  one  cent  per  ton  or  even  less. 

IL  Nordqvist  |  publishes  the  observations  made  by  him  on  a  visit  lo 
mines  in  Germany  and  Austria,  The  iron  ore  mines  visited  were  the 
following :  Hiiggel  near  Osnabruck,  Stort^h  at  Siegen>  Poind werde  ai 
Bt't^dorfj  thtt  Dillenberg  and  Wetzlar  haematite  mtTies,  the  Bergfreiheit 
mai^nt'Lite  mine  at  Scliniiedsherg,  iliittenberg  in  Carintbia,  and  Er*berg 
in  Btyria, 

Shaft  Sinking'* — A,  Foomis  §  describes  some  heavy  caaUsteet  eutting 

shoes  usi^d  at  the  l>ottom  of  the  tim>>er  framing  of  a  shaft  l)eing  sunk 
from  the  surface  tli rough  quicksand*     The  shoes  are  made  in  segments 

•  PnU  Maii  MiPjazinr,  vol.  ixriU.  pp.  171-180* 

t  CaMtur'M  MtttjfTzfnt,  vol,  ii.  n\\  608- 6 IT. 

t  Bikaf]^  till  JgrnkmiloreU  Antiater^  HH>2.  |tfi.  lAO-ldfi. 

I  Mfiffwe^^  ^^  Mining  JourmiL  vol  Ijotfii^  p,  &$1 


■•     ^k* 
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h  wheele4  to  a  drewing-plftnt,  where  ii  i«  piekBd  and  enubeil.    Al 
pf^tenc^  50  to  ns  il&ily  are  produced, 

A  Ijifilorical  accotiut  of  mining  in  ibe  CuiCASiii  fast  hetm  ptMaAei. 
hf  M.  A.  ShoftUk.^ 

F.  Drmke  f  givea  ati  account  of  the  Nieopal  m&Et£mti«te  or«  dirtrki 
in  Southern  litisjia  on  the  Dnieper,  190  miles  abore  Od  rna_  Al 
present  fi^e  gr^apa  of  minei  are  at  work  oq  a  fatrlj  IniriixMiUl  \mi 
ore  ranging  from  1  to  6  feet*  but  averaging  3}  feet  in  tl 
It  lift  near  or  at  the  top  of  the  Oligocene  formation.  The  ore  csom 
about  27  [»er  cent,  of  sitica,  29*5  to  316  j»er  cent,  of  metallic  maj)§aii6te^; 
and  Q2^  tn  0*28  per  cent,  of  phosphorus.  The  ore  is  worlc^  ftott 
adit«f  being  blocked  out  by  galtaries^  and  tha  blocks  smbaequefilly 
remrt^ed.  Home  of  the  ore  is  simply  hand-picked^  and  at  other  pbc«a 
it  is  washed* 

Handling  Iron  Ore.^An  iliustrated  description  km  appeared  of^ 

the  new  Brown  iin loading  crane  recently  installed  at  the  new  Krtipp 
works  at  Rhdnhausen*!      With  this  apparatus,  500  tons  can  be  hani 
in  10  houri* 

H.  Hoffmann  §  describes  Ihe  arrangements  for  transporting  and  h 
ling  minerals  ehown  at  the  DUsaeldorf  Exliibition.  Special  attentaoti 
is  devoted  to  wire  ropes,  which  were  specially  well  displayed^  the  firm 
of  J,  PohUg  having  in  their  own  pavilion  an  interesting  senea  of 
drawings  of  wire  ropeways*  They  bad  also  a  complete  plant  in  opera- 
tion* 

*F.  liirdelli  ||  describes  the  more  important  aerial  wire  ropeways 
inataiied  in  various  parts  of  the  world  by  A,  Bleichert  &  Co, 

An  article  has  appeared  fl  describing  and  iliuatrating  the  Bleichert 
wire  ropeway  system  and  the  method  of  operating  iL  Over  1500 
of  the^e  ropeways  have  now  been  instaUefl,  with  an  aggregate  lengtli 
of  1000  miles.  In  somti  cases  the  span  of  the  rope  from  support  to 
suppiirt  is  upwards  of  1100  yarda.  Six  miles  is  about  the  maximum 
lengtii  of  a  single  section  without  an  intervening  station*  From  2O0 
to  250  tons  per  hour  can  be  transported  by  such  a  ropeway, 

•  Mining  Journal  t(#L  lisiil  pp.  1275-1276. 
f  The  Mine^^at  Jjuiuitrjif,  vol  x-  }>\\  447^55. 
t  OtUckauf,  voL  xjEXvlii*  pp.  |M)l-906. 

%  jiiiL,  p|i*  iiti-im. 

It  itauiffwi  Mintmriii,  vol  Kvii.  pp.  19-^- 

%  Z€iUehi*iU  ih*  tjf^Urrcickutht**  !tti/cnuHr-  uud  ArchiieMttt*Ver€int*t  vol  Itv.  pp^ 
619^22, 
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Fire  Clay. — H,  Eiea  *  thinks  tliat  a  material  Bhould  not  be  con- 
sidered refractory  unli^ss  ita  melting-point  lies  above  27CK)*  F*,  \ml\ 
admits  that  a  satisfactory  definition  of  a  fire  clay  h  difficult  to  fr»rijiu- 
late.     The  "  pla>*itic'*  fire  clays  include  or<linary  clays  and  sbales  which 
become  plastic  after  grinding  with  water,  while  the  *^  flint '^  elayi  dofl 
not  develop  plasticity*     The  refractoriness  of  clays  depends  on  their 
composition  and  on  their  fineness  of  grain,  though  some  authorities 
contradict  the  latter  assertion.     The  percentage  of  fluxing  maienalal 
is  usually  low,  rarely  exceedint^^  4  to  5  per  cent,  but  their  action  iii 
variable^  and  is  usually  greater  if  they  are  finely  diBseraiitated,     Thej 
effect   of    titanium,    which    is   often    present,    is    usually    negLtgihk] 
Shrinkage  is  often  in  close  agreement  with  the  plasticity,   and  tli«| 
high  silica  materials  often  expand  iti  burning.     Fire  clays  are  worked  J 
underground  or  in  open  workings ;  in  the  latter  case  the  steam  shovsl] 
is  sometimes  employed.     The  geological  and  geographical  distribution 
is  then  con  side  red  J  and  a  short  mum^  is  given  of  the  deposits  in  tlis  i 
different  slates  of  the  United  States.     Tiie  manufacture  of  fire  briekfi 
IS  then  sljortly  considered,  and  a  review  of  the  literature  of  clay  snci  ] 
chiy  products  is  given  as  an  appendix  Goveriug  some  eight  pages. 

Quartzite'^Baron    L.    Rosenberg  t    has   investigated   samples  of 
qnartzite  from  the  governments  of  Charkov,  Ekaterinoslav,  Khenon, 
Tan  Hat  and  the  region  of  the  Don  Cossacks  j  and  finds  that  many  of 
the  quartzites  are   well  adapted  for  the   manafacture  of  Dinas  fire , 
bricks. 


MagJieBite.  ^Some  illustrations  have  been  publislied  |  to  show  tb«  j 
magneaite  quarries  anil  works  at  Sttonghili,  Moral ti,  t^nd  Archartgrloi 

•   The  J/iRfra/  frfdu4hy,  vqI  a.  pp.  10ft- 121. 

I  ir^ik  ttwi  Vwd  Trader  Revi^v^  vol  Itlv.  pp.  632-1^31 
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Bauxite. — A.  W.  Evans  *  describes  the  mining  of  bauxite  at  Harris- 
barg,  Georgia.  The  mineral  is  worked  open-cast  and  taken  in  side- 
tipping  tracks  to  the  washer,  which  is  of  the  double-log  type,  with 
inclined  12-inch  logs  carrying  spiral  teeth.  The  washed  material  is 
treated  in  a  rotary  drum  drier  3  feet  in  diameter  and  35  feet  in 
length,  with  a  fall  of  6  inches  in  its  length.  Small  cape  are  spirally 
arranged  inside  the  drum  to  tarn  the  material  over  and  to  urge  it 
forward. 

C.  W.  Hayes  f  describes  the  Arkansas  bauxite  deposits. 

C.  Formenti  X  states  that  samples  of  genuine  bauxite  have  been 
found  in  the  province  of  Aquila  in  Southern  Italy.  The  results  of  the 
physical  and  chemical  examinations  are  given.  The  percentage  of 
alumina  present  in  the  specimens  varies  from  51*13  to  57*52. 

*  Mines  and  MinertUSf  voL  xxii.  pp.  481-482. 

t  Twenty-first  Annual  Report  of  the  U.S.  Geological  Survey,  Part  IIL  pp.  4^-485. 
X  Oazzetta  chimica  italiana^  vol.  xxxiL  pp.  453-461 ;  Journal  of  the  Chemical  Society, 
voL  Ixxxii.  p.  569. 
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The  method  of  using  the  Mahler-Kroecker  bomb-calorimetefr  is 
described  by  J.  Wolfiiiann.* 

Calorific  Value  of  Fuels. — The  d^termiDattoa  of  the  eonstitQents 

of  various  kinds  ot  coal  u  considered,  aud  the  calorific  valae  of  coal, 
petroleum,  ether,  and  spirit  is  calculated*  f 

E.  Goutal  I  stated  tliat,  by  an  examinatian  of  600  difierenl  coak» 
caiorific  value  (P)  is  found  to  be  given  with  an  approximatioti  of  1  per 
cetit.,  by  the  formtiU  P  =  820  +  (2Y^  in  which  C  is  the  carbon  {leroetit- 
age  of  asb-frec  coke,  V  the  volatile  matter,  and  a  a  coefficient^  a  curve 
for  the  determination  of  which  is  ^iven  in  tlie  pap«;r*  The  error  may 
amount  to  2  per  cent,  in  the  case  of  anthracite  and  some  lignites. 

Pyxometry. — The  collected  writings  of  H,  A,  Seger,  prepared  from 
the  reeords  of  the  Royal  P ore: e lain  Factory  at  Berlin  and  translated 
into  English  by  the  members  of  the  American  Ceramic  Society,  are 
now  being  published,  aud  the  first  volume  has  appear «;d.  They  are  of 
special  interest  as  contnining  tije  voluminous  work  done  by  Seger  on 
the  refractory  nature  of  clays  and  the  use  of  his  cones  for  determining 
temperatures, 

A  new  apparatus  for  the  determination  of  the  melting-point  of 
metals  is  described  by  H.  Thieie.  g  The  chief  advantages  are  baid  to 
consist  in  its  capacity  to  regiiter  Idgh  temperature,  and  in  the  simpli- 
city and  durability  of  its  construe tion. 


Origin  of  CoaL — J^  F  Hotfiaann  {|  discusses  the  formation  of  coai  at 

CO  us  i(i  era  bit-  leugib.  He  finds  that  the  beat  generated  by  the  deconj- 
position  of  starch  into  carbon  and  water  would  be  sufficient  to  raisH 
the  temperature  of  the  mass  to  670*"  or  800''  C,  or  still  higher  if  car- 
bonie  anhydride,  marsh  gas,  and  carbon  were  formed.  The  heat 
generated  in  this  way  might  aid  in  producing  the  cbangt^  of  vegetable 
matter  into  coal,  and  much  reliance  is  placed  U|K>n  ibis  effect  of  spou- 
taneous  beating  as  the  agent  for  the  change. 

*  iiUzangf-Bfneht  di§  Vcfdng  tar  BtJUrderunt;  den  Gr^etrf^^ufttf  1902,  p.  HSl 

t  Bers/bav^  June  liWi.  pp.  4-ii. 

$  Cf^mptcs  RiC^rtfiuM  dt  lAemOinit  dtti  ScmiCtt^  Be|ileniUar  22,  190^ 

f  ^fitschri/t  (iir an^iwnndk  C'htmi^^  voL  %%%L  j<p,  780-781. 

II  J&id.,  vol  liAir.  pp.  4l(i,  K21-83L 
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BmaM  extent,  except  on  the  outcrop.  The  Beam  is  being  worked  on 
certain  freehold  property  id  the  south-west  of  the  coalfield.  Over  tbU 
property  the  top  senes  is  wanting,  the  lower  ieriea  only  being  intacti 
the  seams  of  which  crop  out  to  the  surface.  Some  exploratory  work 
has  betin  done,  and  this  le  described^  a  general  account  of  the  mn  of 
the  seams  being  given.  Owing  to  local  conditions,  and  especially  to 
the  faults  and  water,  the  system  of  working  adopted  Is  a  modification 
of  bord-and'pillar.  A  modi  B cation  of  the  longwall  system  has  also 
been  tried  with  some  success. 

Coal  in  Sonierset.^ — f\  A,  Bteart*  discusses  the  overthruBts  and 
other  disturbances  in  the  Braysdown  coUiery,  and  the  bearing  of  theae 
phenomena  upon  the  efiecte  of  overthrust  faults  in  the  Somenel 
coalfield  in  general 


Be-survey  of  the  Soath  Wales  Coal  Measures, —For  some] 

years  pajjt  the  Geolugicn-l  Survey  imve  hetu  engaged  on  a  re-exnmina- 
tioii   and   re-mapping   of  the  areas  of  carboniferous   rocks   in  Oreat 
Br i tain ♦     The  work  has  recently  necessitated  the  exaTni nation  of  the 
Lower   Palajomc  rocks.     The  Ordovician  and  Silurian  rocks,  which 
are  immediately  concerned,  have  been  examineil,  but  no  natumi  un-  ' 
dbturbed  junction  has  been  met  with*     Evidence  of  faulting,  probably 
accompanied  by  overtlirusting,  has  been  found  all  along  the  line^  aud 
the   dominant   movementB   have   been   connected    up   with    the   dis- 
turbances  of  Cribartb  and  the  Yale  of  Neath.    luliers  of  Silurian  rockit^j 
hitherto  unsuspected,  have  been  found  in  Gower,  thus  proving  a  greaij 
but  probably  local  diminution  in  the  thickness  of  ttie  Olil  Red  Sandstone, 
No  definite  separation  of  Upper  and  Lower  Old  Red  Sandstone  has 
yet  been  found  possible.     The  sequence  of  reti  beds  appears  to  b©  con- 
formable throughout ;  but,  on  the  other  liand,  there  are  signs  of  an  { 
unconformity  between  the  Old  Red  Sandstone  and  the  Silurian  rockn. 

The  deep  trough  of  coal  measures  extending  from  Swansea  to  | 
Llanelly  was  further  examined  last  year  and  found  to  contain  some  of] 
the  highest  measures  of  the  coalfield,  A  full  account  of  the  investiga-  j 
tions  last  year  is  published  in  the  '*  Summary  of  Progress  of  the  Geo- J 
logical  Survey  for  190L" 

Coal  in  Scotland. — ^H.  Kirkhy  f  gives  a  detailed  account  of  the 


f  TmtimiOii^m  of  the  In$Ututifm  <if  Miitdng  Enfftnitts,  voL  Jiiiii.  pp.  29t-Sia 


408  THK  IRON  AND  STEEL  INDUSTRIIS. 

is  described  by  W.  Seta.*    Suggeetiona  (dt  the  further  exploratio 
tJia  antbracite  beds  known  to  exist  there  are  discuseed. 

E,  Pmwoziiik  t  gives  twenty-nitie  complt?te  analjrses  of  brown  coal.^ 
from  various  Austrian  localities* 

H.  Haherfebier  |  observes  that  the  average  width  of  the  brown-coal 
seam  iu  the  Tertiary  Fobnadorf  basin  is  slightly  less  tiiau  10  feet. 
The  seam  has,  however,  a  number  of  small  shale  partings  which  nuty 
reaclt  a  mai:iEiiiim  of  some  10  inches  in  thickness. 

Gosd  iu  Bel^uin* — G.  Simoensg  discusses  the  probable  exteasioii 

ot  the  coal  measures  in  tiie  north  of  Belgiuin. 

The  search  for  coal  at  Westerloo  in  Belgium  has  met  with  suceees. 
At  GOO  yards  depth  a  seam  of  coal  has  been  encountered.  |{ 

Recent  investigations  have  prove<l  tiiat  a  coal  basin  extends  in  a 
west- north- westerly  direution  from  the  Meuse  border  of  the  Limburg 
province  to  the  north  of  the  town  of  Antwerp,  the  dUtaoce  between 
the  extreme  borings— at  Lanklaer  and  Wester  loo — being  about  forty 
mileSp  with  a  mean  width  ot  tive  and  a  half  miles.  It  is  believed  that 
the  new  field  is  an  extension  of  the  Midland  coalfield  of  Oremt 
Britain.  So  far  tliirty*seven  borings  Jiave  been  roade^  with  four  m 
the  province  of  Antwerp,  aud  great  variation  in  tliickness  and  the  pro* 
portion  of  volatile  matter  has  Ijeen  found.  Some  bores  have  shown 
about  16  feet  of  coal  in  about  320  feet  of  coal  measures,  whilat 
neighbouring  bores  have  shown  very  inferior  results.  The  ]>ercet]ia^ 
of  volatile  matter  has  been  found  to  vary  as  much  4S  from  18  to  35 
per  cent,  within  a  distance  of  two  and  a  half  miles,  and  as  a  rule  the 
volatile  constituents  appear  to  decrease  as  the  coal  increases  tn  depth. 
In  souje  cases  shafts  will  have  to  be  sunk  over  650  yards,  f 

Coal  in  BulgEria.^ — In  a  paper  on  the  mining  industry  of  Bulgaria^ 
Wall  me  r  **  gives  particulars  of  the  occurrence  of  coal  in  thai  countJj'. 
The  largest  undertaking  is  the  Pernik  brown-coal  mine,  which  affords 
employment  tu  a  thousand  workmen.  The  seam  is  three  yards  ja, 
thickness,  and  is  of  Eocene  age. 

*  Mmtan  Ztituttg^  vol.  ix.  pii.  321-322. 

X  Omtcrieitsh%»che  ZeiUchriJt /ilr  Btt'tf-  ut\d  BHiUnWf^en,  vol.  J.  |i,  2^h 

S  BnftHin  dt  iu  SwiiU  Mtloc  dc  OMogit,  vuL  xvi.  pp.  182-1S&. 

I!  AcAu  e/£x  Mititn,  vol.  xxU.  p.  83(f. 

If  C^iliGry  OuardkLnt  vol.  lixitiv.  p.  518. 

*^  if (m|£tn  E^iiwnif^  f  oL  ix.  p.  W^. 
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competition  S5  companies  hhve.  formed  themsetreB  into  one  iyndifmte^ 
They  have  a  joint  output  of  57  million  tons,  out  of  the  total  output 

in  tlie  Rhenish' Westphalia  district  of  75  million  ions, 

A»  Middelschuke'*  glvtB  a  description  of  the  formations  overljing 
the  coal  deposits  of  the  Ruhr  basin.  Two  water-bearing  zones  exist  in 
these,  which  are  separated  by  the  Emscher  marl  The  lower  one  is 
distinct  from  the  upper  on  account  of  the  saltness  of  ite  water. 

Jacob  t  describes  the  eastern  faults  in  the  Aachen  coalfield  with 
special  reference  to  their  geological  age. 

An  official  description  of  the  minerals  of  economic  importance 
met  with  in  the  Diiren  district  has  been  published  by  the  Mining  De- 
partment of  Bonru  Coal  seams  are  abundant,  no  less  than  forty-«ix 
being  known »  Brown  coal  has  been  found  by  boring  to  he  widely 
distribntet]* 

R.  Dorst^witz  |  gives  a  geological  description  of  the  brown  coal 
basin  of  Helmstedt. 

K.  Dalmerg  indicates  places  in  Saxony  where  it  might  be  advisable 
to  bore  for  coal 

R.  Miciiael  |j  describes  the  stratigraphy  of  the  Upper  Bilesiati  coal* 
field. 

H,  Stille  11  describes  the  occurrence  of  coal  in  the  Mifldle  Keuper  at 
the  Teutobnrg  Forest  near  Neuenherse. 

Tiie  exhibits  illustrating  the  occurrence  of  coal  in  Germany  shown 
at  the  Diisseldorf  Exhibition  are  described  by  Mentjsi-L** 

Goal  in  Holland. — Tlie  coal  basin  of  Lunburg  in  Holland  in 
described  and  illustrated. tt 

H,  Zondervan  |{  describes  the  occurrence  of  coal  in  Dutch  Limhui^ 

Coal  in  HUBgary. — The  brown  coal  depo«ila  at  Verci-erova  in 

Hungary  are  shortly  described,^ 

•  ^it4t^hrift  fUr  da*  Berff-^  l^UUen-und  Saliii€nWf»en  im  preu»tfi*t*hfn  Siaair,  vtA  I 
pp.  .^0  345. 

(•  ZeiUvJtrift  fUr  pr^iUuche  OmUigit^  vo\,  %.  i»p.  321-337. 

t  BratinHyt,  1&02,  pp.  195-200,  208^212. 

§  ZtiUckriJt  fUr  praktLwhr  Oi^ogit,  vwl.  %.  pp.  223-225, 

|]  Jahrhuek  thr  i^t.  Frcii4Mi4n^ften  fftotogitt^kta  Li%nUtmn*tBtti^  toI.  xjtii  pp*  ^IT^t^* 

f  Ibid.,  ToL  xii.  pp.  ri8-63, 
••  mikhtuf,  vnL  xixviii.  pp.  500-512. 

ft  Ber^-  ufid  Niiti*^miuinniiichf  Ztitunff,  vnK  IjcL  pp.  36.^-500* 
t+  Prtmtiannx  MHthrthtni^en,  vti!,  xWi'i.  pp.  187-190. 
IS  Befy*  »7uZ  ffUtttnnuinniicht  ZtHimy,  roU  ki.  pp.  277-27^^. 
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great  tblckness.  Sanfidtonea  and  shales  lie  between  theoi  as  paiMngB 
of  greater  or  lesser  tbiekness*  The  seama  lie  at  considerable  diBtaQces 
apartj  and  it  is  only  seldom  that  several  uf  them  can  be  worked  from 
the  same  shaft*  At  present  some  of  the  shafts  attain  a  depth  ez^ed* 
iiig  690  feet,  and  while  «p  to  now  firedamp  has  been  aJ together  absent, 
some  trouble  is  now  being  experienced.    ' 

The  coal  of  the  Donetz  basin  not  only  exist^j  in  immense  quanti- 
ties, but  it  is  very  variable  iu  quality.  All  kinds  of  coals  are  met 
with,  from  long*flame  no n -caking  steam  coals  to  anthracites.  The 
iirsUDaineii  occur  in  the  north-eastern  portion  of  the  field  near 
LisBitschanka,  and  long- flame  bituminous  coals  ne^r  the  Marjenska 
station  and  Vai  varopolje.  The  seams  in  the  soutii  and  south- west  arc 
partly  these  bituminous  coals  and  partly  true  coking  coal,  while  those 
in  the  eastern  part  of  the  district  art?  anthracitic  coals  or  anthracite*. 
The  Donetz  coals  are  used  mostly  in  the  local  metanurgical  works,  on 
the  Smith  Russian  railways,  in  part  on  the  steamers  of  the  Black  Sea, 
and  in  the  sugar  and  other  factories. 

The  second  most  important  coalfield  of  RusBta,  as  far  as  output  is 
concerned,  is  that  of  Poland  or  the  Dombrova  basin.  This  is  a  con- 
tinuatiou  of  the  Upper  Sllesian  field.  The  Carboniferous  deposits  art 
sandstones  and  shales,  and  can  be  divided  into  a  productive  portimi 
containing  coal  and  one  that  does  not.  Tiie  coal  seams  belong  to  threa 
groups,  the  central  one  of  which  is  represented  by  the  Beden  seanL 
This  has  a  thick  t^  ess  of  as  much  as  from  34*5  feet  to  52^5  feet.  Abovt^ 
this  lie  twelve  seams  and  below  it  nine.  The  twelve  ujiper  seams  havt 
a  total  thickness  of  between  62  and  63  feet,  and  the  nine  lower  seami 
a  total  thickness  of  48  feet.  The  coal  is  not  suitable  for  gas-making  or' 
coke  manuCacture.  Until  quite  recently  the  three  groups  of 
were  mined  in  a  faulty  manner,  so  much  coal  being  lost  and  fire* 
being  so  frequent  that  the  Government  took  the  matter  in  band,  and 
regulations  were  introduced,  accord ir^g  to  which  these  seams  have  to  bt 
mined.  Mining  operations  in  this  district  ate  accompanied  by  the 
danger  of  Hooding  from  the  overlying  Bunte  sandstone  beds,  whiell 
hold  much  water.  Coal  mining'  began  at  the  commeneement  of  the 
past  century,  but  has  only  attained  importance  eince  the  construction 
of  the  Russian  railway  system.  At  present  there  are  at  Dombrovm^ 
and  its  vicinity  twenty  collieries  and  a  brown  coal  group,  whicltj 
together  have  an  annual  uutput  of  about  3^700,000  tons. 
Polish  coal  is  chiefly  purchased  by  the  works  in  the  Loanoviti  maai 
factoring  district,  and  thoae  of  Lods  and  Warsaw,  together  with  tbi 
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and  of  browu  coal  ftre  also  meutiotied,  i Deluding  tliuee  of  S4ghalle% 
which,  in  time,  are  likely  to  prove  of  importance* 

Peat  h  met  with  in  forty- fi^re  i provinces  of  European  Etisgia,  but  is 
relatively  little  worketl,  or  only  by  ptimiti?e  means.  Much  is  atso 
found  in  other  parts  of  the  Russian  Empire*  Bitiimiiions  shale,  wiiich 
is  suitable  both  for  tiistillation  purposes  and  as  fuel,  is  also  of  frt^queiit 
occurrence. 

At  Sudschenka,  in  the  government  of  Tomsk,  10  mileB  from  the 
Central  Siberian  railway,  B.  Korwin-Sakovitsch  *  has  discovered  a 
coalfield  containing  sixteen  seams  of  a  foot  to  8  yards  in  thickneta. 
Tbey  dip  at  an  angle  of  75"  and  are  embedded  in  clay  slatp,  An&lysia 
of  the  coal  gave  13  per  cent*  of  volatile  constittit- nte,  78  per  cent,  of 
coke,  0'8  ]>er  cent»  of  8iii[thur,  6*7  per  cent,  of  ash,  and  1*5  per  cenLof 
moisture. 

It  is  pointed  outf  that  widle  the  Ural  is  ricli  in  mineral  wealth, 
and  especially  in  iron  ores^  its  deposits  of  mineral  fuel  are  very  scanty* 
At  piesent,  the  re  fare,  its  hlast-fnrnaces  are  chiefly  dependent  on 
charcoal^  and  the  price  of  thii  varies  from  19^  to  20s,  per  ton  at  the 
works^  according  to  the  distance  carried  and  the  nature  of  the  tra>isport^ 
The  charcoal  is^  therefore,  solely  employed  for  blast- furnace  use,  whib 
for  boiler  firing  peat  is  sometimes  used,  in  part  at  least,  and  wood  in  tbt 
proiincers.  Sunie  of  the  works  a!so  utilise  the  waste  gases  from  the 
furnace  in  the  stoves  and  boilers.  At  the  Kischtim  works  the  whole  of 
the  plant  is  being  rebuilt  on  modern  lines,  and  a  large  central  power 
station  erected  which  will  utilise  the  gas  from  two  large  blast^furnacea. 
As  mentioned  above,  some  mineral  fuel  is  found  in  the  district,  ^K»th 
anthracite,  coal,  and  brown  coal  being  mtt  with.  The  coal  occurs  near 
Lunjevka,  to  the  south-west  of  Bogolovski,  A  few  coke  ovens  are  in 
operation  at  this  pointi  hut  the  coke  is  too  weak  and  porous  for  aatia- 
factory  blast-furnace  use.  Still,  though  mineral  fuel  is  found,  tbft 
deposits  are  unimportatit,  and  the  Ural  district  must  look  elsewhere 
for  coal  and  coke.  The  proposal  to  bring  these  from  the  Donets  basin 
of  South  Russia  would  necessitate  a  new  line  of  railway,  but  gr&Kt 
hopes  are  held  with  reganl  to  the  possibility  of  utilising  the  large  coal 
deposits  udiich  liave  become  available  owing  to  the  construciion  of  the 
great  Siberian  railway.  Before  all  others  the  Sudsclienka  coalfield 
receives  most  consiiieration.  The  coal  of  this  field  is  better  for  met&h 
lurgical  jMjrjios*'S  tbar»  those  of  Pavlodar,  Jrkutsk,  or   Knissnojiirsk. 

*  O^itoifiith^f  CtntrathiaU,  veil.  ii.  p.  5&2. 

t  BrriehU  ^ber  Handd  nM  IndMLtirit,  IbUrt^b  8.  1903 :  Staht  und  Eisrih  toL  tdi 
pp.  487^68. 
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An   article   on  coal   in    Spain   liaa  been  publisliert  *  in  which  tbfl 
Belmez  coaMeld  h  described  in  detail. 

The  lignites  of  Aragon  are  described  bj  A.  Gaston,  t 

COGkl  in  Bear  Islsmd.— J^  6,  Andersson^  I  who  took  part  in  twol 
Swt^diKh  exjMaiiitiojis,  describes  the  geology  of  Bear  Island.     Silunau 
Devonian,  Carboniferous,  Triaesic,  and  recent  formations  are  repr 
fie  n  ted.      The   coal  deposits  are   of  importance.     The   tittal   am  mm  I 
avaihible  is  estimated  at  100,000,000  tonst.     The  coal  contains,  h^ 
ever,  5*87  to  47 '10  pet  cent,  of  ash. 

Coal  in  India, ^Tlie  Director  of  the  Indian  Geological  Surrey  hi 
issued  his  report  for  tba  year  ending  Marcb  31,  1902.  In  tl*e  portioB: 
devoted  to  coal  it  is  stated  that  in  the  Bikanlr  State  an  attempt 
to  have  been  made  to  ascertain  whether  any  coal  horizons,  other  tliai 
those  already  known,  were  in  existence ;  but  the  failure  to  stan  wai 
of  the  contractors  who  undertook  tlie  boring  has  prevented  any  declir 
Tvork  frdm  being  carried  out.  The  investigations  made  in  the  Jherrii 
coalfield  are  described  at  some  length.  In  this  6ehl  are  three  aeries  ol 
rocks — the  RaniL^anj  Upper  Damn  das,  the  ironstone  slaales,  and  tbi 
Barakar  Lower  Damudas.  The  first  contains  workable  coal,  but  at 
distance  from  any  existing  line.  The  second  does  not  contain  cosl^ 
but  divides  the  first  and  third  series..  The  third  is  divided  into  twa 
systems — the  Talcbar  beds,  which  are  unimportant,  and  the  Damiid^ 
which  comprise  no  less  than  eigiiteen  seams,  vaiying  from  5  to  30  fast 
in  thickness.  Below  the  third  series  are  the  Talcbar  beils,  which  are 
unproductive  in  coal.  The  Lower  Damnda  series  (Raniganj)  have  no 
less  than  eighteen  seams  of  coal,  varying  from  5  to  45  feet  in  tlijckiiei*. 
Of  the  seams  only  about  iialf  have  as  yet  been  worked,  and  to  th* 
west  of  the  Khoda  river  a  considerable  area  siill  awaits  devalopoiswt. 
Though  this  part  of  the  field  Ijas  been  hitherto  deemed  of  little  vikfti 
the  experts  consider  that  this  opinion  is  not  justified.  The  inforttiatiou 
to  Ijand  on  the  Lashio  coalfield,  in  Bunna^  is  as  yet  incomplett*;  coJ 
exists  J  and  in  workable  seams  oi  good  thickness,  but  both  their  eitmi 
and  the  quality  of  the  coal  have  yet  to  be  determined*  The  workiflg 
will  present  a  cejtain  amount  of  difiicultyj  as  the  coal  is  notsnrrciiioJp* 
by  rock,  but  is  contained  in  beds  of  soft  sand  or  sandy  clay.  Tliec*'*! 
of  the  Kambar  forest  in  Assam  is  said  to  be  dirty  and  of  sufefi^ 

*  EJ  Minero  Mexii^n^,  Jane  5,  1902. 

ir  Mokiin  M%ntro,  toI.  r.  pt>.  1-2,  46-47,  lOt 

X  Qtologiikd  I"Urmingciit  F(i?rA«t«Wifiiwr,  voh  ixiiL  pp.  210-230. 
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Bulawayo.  Prospecting  operations  have  proved  the  existence  of  th 
seams  of  coal  with  thicknessea  niiiging  from  4  fe«?t  to  14  feet.  The 
upper  sefim,  which  is  7  feet  to  9  feet  thick,  runs  along  the  foot  of  the 
hill,  and  has  been  proved  for  a  coiiiiiderable  distance  both  by  «haXts 
and  adit«.  The  quality  of  the  coal  is  equal  to  the  avera*!e  for  Soiitb 
AfricH,  It  is  anticipated  that  this  coalfield  will  supply  the  gold- 
mining  diatricte  of  Saliibury,  Gwelo,  Selukwe,  and  Sebakwe.  Thiifl 
discovery  of  good  coal  has  come  at  a  moat  opportune  moment^  for^  not- 
withstanding  the  small  number  of  producing  mines  at  work  in  the£« 
districts,  the  supplies  of  timber  are  already   beginning    to  becomi 


scarce.' 


1 


Coal  in  the  United  States. — A.  C.  Lanef  disciisses  the  origin, 
occurrence,  atiali^es  and  te^t^,  erosion  diiiturbauces  and  development 
of  coal  in  Michigan,     It  is  allotted  to  the   "  aeral  conglomerate '^ 
millstone  grit  portion  of  the  Fottsville  formation,  low  down  in  tb 
Carboniferous  series.     There  are  seven  distinct  coal  horizons,  of  whicJ 
three  are  mined.     These  tiiree  are  termed  the  Saginaw,  and  Lowef 
and  Upper  Yerae>     The  following  are  cliaracleristic  analyses  i' — 


Mobtur«  . 
Voliitile  cmiitituentt 
Aiih  .... 
Fjx*d  carbon    , 
Sulphur    . 
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J,  A,  Taff  and  Gr.  1,  Adams  {  describe  tlie  geology  of  the  Eastena 
Choctaw  coalfiehlj  Indian  Territory, 

J,  A.  Taff§  has  published  a  preliminary  report  on  the  Camdea 
coalfield  of  South- Western  Arkansas* 


Coal  in  Asia  Minor, — W.  Mollmann  I 
occurrence  of  coal  in  Asia  Minor. 


gives  an  account  of  the 


Coal   in  China, — The   Kaiping   coal  mines  and   coalfield,  ChU^ 
province,  North  China,  are  descriWd  by  H.  C.  Hoover, H     The  nanib*^ 

*  Minitnj  Jom^fialt  voL  Ixstii.  p,  1113. 

t  Geoiof/ital  Surrey  <jf  Mi^hi^fatt,  voL  Tiii,  Pnrt  IL 

t  TwcrU^'^ffv^t  Artrvwif  Report  nf  the  U.S.  OrologicsU  Survfg^  Pftrt  If,  pp.  267-31  J- 

§  Ibid.,vP^  813-329, 

II  atUtthtuf,  vcjI.  xx^viij,  p]i.  &65'867. 

H  pAper  retid  hetom  Cho  luttitution  of  Mining  imd  Metallurgy,  June  19,  I90t 
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Utilisation  of  Peat.— Illustrations  are  given  of  the  plant  for  the 
utiiisatiun  of  peat     The  material  ie  dag  and  taken  by  an  inclined  ood- 
veyer  to  a  kind  of  disintegrating  aiid  pug  mill,  whicii  nmkes  it  into    , 
blocks.    These  are  loaded  into  trucks  and  run  through  drying  cbatnbeif^rl 
where  the  moisture  ie  reduced  to  8  or  10  per  cent*    The  bWks  can 
then  be  used  as  fuel ;  but  in  O.  Daube's  process  they  are  run  tii rough 
coking  ovens  of  similar  construction  to  the  drying  ovens.    Bj-producUfl 
are  recovered,  and  the  waste  gas  used  for  heating*     By  another  pro* 
cess  tlie  dried   blocks  are  used  in  a  gas-producer.     Sections  of   the 
ovens  and  of  the  producers  are  giv^eu.^ 

The  Swedish  Department  of  Agriculture  has  published  a  report  by 
A.  Larson  and  G,  Wallgren  t  on  the  use  of  peat  as  fuel  in  Europe, 
The  report  covers  363  pages,  and  contains  225  original  illostrationa. 
The  countries  in  which  the  peat  industiy  was  studied  include 
Sweden,  Denmark,  Germany,  Hollandj  Belgium,  France^  Russia,  and 
Finland.  The  present  annuat  import  of  coal  into  Sweden  is  equiviUetit 
bo  5,700,000  tons  of  peat^  and  that  amount  could  easily  be  raised  after 
about  ten  years'  tlevelopment. 

J.  G.  Thaulow  |  describes  the  four  machines  used  in  Bweden  for 
manufacturing  peat  fuel. 

Platinum  in  Coal— lu  a  report  dealing  with  the  geologiait 
relations  of  platinum,  J.  F.  Kemp  §  directs  attention  to  a  moti 
extraordinary  case  that  has  been  recorded  of  the  presence  of  plaUnum 
in  the  ash  of  certain  Australian  coals,  along  with  vanadium.  The  cotl 
as  analysed  by  Thirkell  &  Co.,  of  London,  yielded:  Carboiij  65il; 
hydrogeo,  4  6^  oxygen,  2r8;  nitrogen,  1*9;  sulphur,  3*8;  moisture^ 
07 ;  ash,  1  -T— total,  997.  The  aah  yielded  25*1  per  cent,  of 
vanadium  and  3  6  per  cent,  of  platinum  metals^  This  makes  th& 
coal  the  richest  crude  platinum  ore  yet  assayed. 


IIL—CRAMCOAZ. 
Charcoal  Manufacture  m  the  Lake  District.— The  conditioni 

which  regulate  charcoal  burning  in  the  Lake  District  of  Engliud  are 

*  Enffineeriitif  Newg^  vol.  xlrii.  pp»  476-477, 

t  TfMitk  Ug€fjlad,  ChriettJitiiii,  1901,  p.  iBh 

$  Buitetin  of  tht  UniUd  Smes  Getdiitfit^  Sttrvvpt  No.  193.  fk  S& 
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trolleys  and  ruu  through  a  drying  tuimel  lieata«i  by  waste  gases  from 
the  retorts  at  90*  to  100°  C»  The  dried  briquettes  are  charged  into 
retorts  consistttig  of  vertical  iron  cylinders  about  80  iiiehea  high  and 
40  inches  in  ilinmeter,  where  they  are  heated  by  electric  rejebtancea. 
The  gufi  is  passe d  througli  scrubbers  to  remove  bar,  &c.y  and  then  is 
used  for  heating  the  drying  tnnnels,  of  which  there  are  two.  Tbe 
charcoal  is  cooled  to  130"  in  the  retorts,  discharged,  and  sold. 

The  njunufacture  of  peiit  charcoal  by  electricity  at  the  BtaugQord 
works  is  described  by  H,  Landmark.* 

F.  Toldt  t  discusses  Schnablegger's  process  for  making  coke  from 
sawdust,  peat,  lignite,  and  brown  coal.  The  author  considers  that  not 
only  is  the  principle  of  the  process  accurate,  but  that  it  forms  the  only 
practicable  way  of  attaining  the  desired  end.  The  process  has  bceJi 
patented,  and  full  details  are  not  published,  but  the  author  states  that 
good  hard  coke  can  be  made  by  the  Bchnabkgger  process,  and  gives  in 
proof  of  ids  statements  photographs  of  ihree  specimens  of  coke  from 
sawdnst,  two  from  pt?at,  and  three  from  brown  coal.  The  sawdust 
coke  has  a  structure  resembling  shavings,  but  it  is  black  and  lustrous 
like  coke.  The  sawdust  was  probably  placed  too  loosely  in  the  oveo, 
yet  at  the  same  time  there  is  evidence  that  the  oven  con  ten  U  wer^ 
fused,  The  i^eat  charge  had  also  been  completely  melted  in  ti»e  oven, 
as,  too,  had  ihat  of  brown  coaL  In  both  cases  the  coke  produced 
resembled  in  structure^  colour,  and  appearance  good  otdinary  coke 
Tile  author  is  acquainted  with  the  nature  of  tUe  process,  but  hii 
kTiowletlge  is  of  a  private  character,  and  all  he  feels  at  liberty  to  state 
is  that  tbe  material  to  be  coked  is  first  altered  in  chemical  composition, 
tlien  mijced  with  certain  additions  and  subjected  to  a  fusion  process, 
The  best  material  for  tlus  process  would  be  that  in  the  finest  state  of 
division,  coal  dust  forming  an  ideal  coking  substance.  The  aah  con* 
tents  play  an  important  part;  the  higher  tiie  ash  of  the  raw  materia], 
tlie  dearer  in  this  case  being  the  coke  proiluced.  The  author  givei 
some  details  as  to  the  cost  of  coking  hrown  coal  by  this  Bchnablegger 
method.  The  various  cokes  made,  he  adds,  will  all  be  of  use  for 
metallurgical  purpofiies,  and  would  replace  the  coke  in  blast-furnace 
work  if  the  si^e  of  the  lumps  increases  with  the  use  of  wider  coking 
ovens  than  those  that  have  been  experimented  with.  The  procesi  ii 
stated  to  be  very  sinjple  in  character. 

*  Tehvisk  UffeUad,  1901.  pp.  54&-a56. 

t  OuUfrttehuaht  StUtckritft  /^f  Berff-  und  SUtlfnteuent  vol.  1.  pp.  18^197,  oilh 
one  iiluBtmui^ri* 
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G.  R>  Bale  *  asserts  timt  the  coke  ahotitd  be  hartl,  and  in  fact  tlie 
besb  5b  tain  able.     lb  should  not  contaiti  more  than  Q'75  per  cent,  of 

sulphur^ 


N.— LIQUID  FUEL. 

Origin  of  Petroleum,^ J.  Ohly  t  ^ir^ues  m  favour  of  tht^  mineTW 

origirt  of  petroleum  inmi  tim  reactioti  between  water  and  carbides  of 
iron  and  other  metalEt.  A  n  umber  af  gasf^ous  hydrocarbons  are  formed 
in  this  way  which  may  be  condensed  through  polyMerisatian  into  the 
liquid  hydrocarbons. 

In  some  tiotes  on  diatom  earth  in  Arizona,  W«  P.  Blake  |  refera  to 
the  fact  that  some  of  these  deposits  yielded  bitumen  on  distillation, 
and  that  specimens  of  two  species  of  livint^  diatoms  conUiined  oJL 

Q.  Rruemerg  discusses  the  genesis  of  petroleum  with  speci^d 
reference  to  its  reJations  to  the  plaint  world. 

C.  E.  Waters  ||  discusses  Kraemer  and  Spilker's  theory  of  the  forma* 
tion  of  petroleum  from  dmtomj;,  and  Bugler's  comments  thereon. 

An  account  has  been  publi.shed  of  the  researcliea  of  P.  Sabatier  and 
J*  B,  Senderens  on  the  synthesis  of  petroleum.^!  Smarting  with 
acetylene  and  hydrogen,  they  have,  with  the  aid  of  metallic  nickel, 
succeeded  in  obtaining,  according  to  the  manner  in  which  the  reaction 
is  conducted,  liquids  similar  to  American,  Caucasian,  or  Galician 
petroleum. 

J,  Muekj**  discussing  the  condition  <>f  the  petroleum  industry  in 
the  nineteenth  century^  enumerates  the  principal  localities  at  whieb 
petroleum  occurs,  and  gives  statistics  of  the  world's  productioD  froni 
1860  to  1S90. 

The  literature  dealing  with  the  petroleum  industry  tn  the  ye&r  1001 
ia  systematically  reviewed  by  R,  Kissling.ft 

*  Modem  Ii'on  Foundry/  Pnuitieif  Mmicbe«ter^  1903. 

t  Mifieii  attd  Mineral*,  voL  x%i'u  pjj.  532'l!i33. 

Z  TrotwocltV^it  of  thif  Amerimn  InttiiuU  of  Mini^  Engineert^  Yehttkttrj  *Bii  JUjf 

§  Bitzunnt-Btritkt  dei  Vrrtina  riir  Bfford^^rmig  rf«  G€y)frkftjnMt$^  1902,  p.  93^ 

II  Affherican  Oh^vii^  JourTvtJ  :  Pettoicum  BemnB^  toL  tM,  p.  201, 

IT  Reimt  Scientfjiqitf^  ifoL  xvii.  p.  726, 

••  Ikijr-  «ftrf  Hiittenmminisciua  Jahrrbti^  rfrr  L  k,  Bcrgakadfrniifft  vol*  L  ppw  llT-lll 

tt  Ch€mik€f'  S€tiu*i^,  yol  jutvi.  pp.  490-492. 
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and  Neagenic  depoaits.  The  CretaceoUB  aeriei  includa  those  of  Praliova 
and  Diimbovitza.  Moldavia  and  Men  tenia  contain  the  Paleog^nic  de- 
posits, aud  these  are  considered  in  some  detail,  aaare  also  the  Keogenic 
deposits  in  the  same  districts  and  in  01  tenia, 

G,  Schultz  *  gives  the  result  of  an  investigation  of  Roumanian  refined 
oils,  giving  the  fliisL  and  boiling  pointSj  photometric  and  other  testi, 

P,  Poni  t  has  published  an  elaborate  memoir  on  the  chemical  com- 
position of  Roumanian  petroleums, 

The  Roumanian  petroleum  ijadustry  is  dealt  with  by  L  Liddell,  I 
British  Yice^Consul 

PetrolGUm  in  RuasXE. — According  to  LatnanskT,g  the  petroleum 
deposits  of  Russia  occur  (1)  in  the  Archangelsk  province,  on  ihe 
Uchter  river  ;  (2)  in  the  Samara  province^  on  the  Soku  and  Volga 
rivers;  (S)  in  the  Keletz  province;  (4)  in  the  Ural  district,  in  the 
Kalmikov  and  Gnrjev  districts;  (5)  in  the  Turgai  division,  in  the  Uett 
district,  on  the  Dschuss  river,  and  in  the  Mugodjars  ;  and  finally  (6) 
in  Nova  K*^mbla*  Most  of  these  are  still  nn worked,  or  hut  imper- 
fectly known.  Tba  chief  deposits  are  on  the  northern  and  southern 
slopes  of  the  Caucasus,  and  especially  in  the  Apscheron  Peninsula. 
The  various  deposits  are  dealt  with,  and  statements  are  made  as 
to  the  occurrence  of  asphalt,  ozokerite,  and  kir,  the  latter  being  earth 
imprejinated  with  naphtha.  In  Etiropean  Eassia,  as[»halt^  or  more 
correctly  asphaltic  limestone,  occurs  in  vast  deposits  along  the  banks 
of  the  Volga,  of  the  Sisrans,  and  of  the  Irisma  rivert,  the  annual  output 
being  some  170,000  tons.  Asphalt  also  occurs  in  the  Kasan  and  Samaim 
provinces,  whilti  bitumen  is  met  with  in  the  districts  of  the  Urals  and 
Terekst  and  in  the  provinces  of  Kutais  and  Tiflis,  and  ozokerite  in  many 
parts  of  the  Caucasus  and  on  some  of  the  islands  of  the  Caspiao  Sea. 
It  also  occurs  in  Transcaucasia,  Ferghane,  Khiva,  and  on  the  banks  of 
the  Bid k ah 

J,  Miickfl  describes  a  new  petroleum  field  in  the  Caucasus  It  as 
situated  near  Zemo-Oiodascheni,  in  the  government  of  Tiflia« 

M,  L,  S^ajnochall  discusses  the  origin  of  the  petroleum  at  Wocje 

*  Ckemii-€r  2>eitunf;t  vat  %xvu  pp.  451-452  ;  Pdrole^tfiL  limntw^  vnl.  tL  pp. 
t  Monitrtir  dr*  JnUriU  Pt'tralifireit  /eouwiin*.  vol.  iii*  pp.  531-535^  673-57«,  t 
J  Mining  Jt^in^&l,  vol.  IjtitiL  p.  1146, 

I  O^iterreieh^inhe  Seit^krifi  fur  Bfty*  urtd  HUttentsefen,  vol*  t  pp*  419-^21. 

II  ChemiltHr  vru^  Tethviktr  ZrUntuf,  vnl.  u.  No.  1. 
%  An^  der  Akaiitmic  der  Winenich.  Krakau,  lOOS^  pp.  ^0-220. 
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The  principal  productive  field  h  in  Sonth^Eastern  Kansas  and  the 
northern  part  of  Itidian  territory.  Tha  coal  measure  rocki  of  lowm 
have  hitherto  not  proved  pro  doe  live.  The  northern  Tela*  area  has 
not  yet  been  largely  inveatigated.  In  tlm  upper  Crelaceons  area  there 
ia  a  productive  oil-fi^ld  at  Corsicana^  Tfxas  j  and  within  the  Tertiary 
area  occur  tlm  oil  helda  of  Nacogdoches  antl  So»r  Ljike,  at»d  the 
remarkable  diacoverias  of  oil  at  Beaumont,  TexaB. 

R,  T.  Hill*  gives  a  comprehensiveaccount  of  the  geography,  geology, 
and  other  ft^atiires  of  the  Beaumont  oil-field ,  and  notes  on  the  other  oil 
districts  in  the  Texas. 

W,  W.  Reedt  gives  two  evaporative  tests  of  Beaumoiit  oil  as  13 '48 
and  14^71  Ihs.  of  water  at  212*  F,  per  lb,  of  oil,  and  finds  that  the 
sulphur  in  it  had  no  injurious  eff^ects  ou  boilers  after  ten  months'  itee, 
Some  tests  of  dififyrent  buniers  are  also  given. 

Petroleum  in  Cuba* — T,  W.  Vaughan  I  gives  a  summary  of  the 
investigations  of  himaelf  and  others  on  the  occurrence  of  bitumen  and 
oil  in  Cuba. 

AsphBlt.^ — ^A  full  report  on  tbe  asphalt  and  bituminous  rock  de- 
pogiia  lias  been  made  by  G»  H»  Eldridge.  §  The  situation^  geolo^, 
statisticf^,  and  other  details  of  these  materials  are  giveti  for  each  State 
in  the  United  States,  and  numerous  photographsi  eectionsj  and  mapi 
are  appended, 

A*  W.  Bow  II  gives  a  short  hiatoiy  of  the  asphalt  industry  in 
America,  chiefiy  iti  reference  to  the  paving  industry ;  but  various 
references  to  the  difi'erent  deposits  are  included,  and  accompanying 
the  article  are  a  number  of  statistics  compiled  from  various  soureea, 

J.  KovacaU  describes  the  occurrence  and  uses  of  asphalt,  and  giY€« 
a  table  of  the  localities  producing  this  material  and  analyses  of  the 
product, 

Boring  for  Petroleum. — Some  p?irticulars  are  given  of  deep  bore- 

•  Jounml  of  tht  Franklin  Inj^tUukt  vol.  cliv.  jip*  143-15li;  Transa^iorn  o/  (i* 
Amtrtcan  JruidiUt  nf  Minin^f  Anytnr^^*,  Ftabiiisiry  and  M&y,  lihM. 

t  Fuller  icHfl  befur«  the  Boutk-Wsitcm  Gha,  ELectrieKud  Str«ot  RulwAj  A»Q«i]ilka; 
Irm  At;e,  M^ij  22.  1902,  pi'-  20-22, 

t  Enifinetrinp  and  Mtning  Jimvrml,  loL  Uilii,  pp.  344''3-l7, 

%  '*  ABjihith  Mild  BittitiiiQiiUA  l({wk«  ol  tbe  Untt^d  BtateB,"  U.S,  Qtotoffieoi  Suf^* 

9  The  Minerat  Induatfjf^  vol.  %.  pp,  45-^T, 

IT  PttroUuM  Mevme,  voh  vL  p.  698 ;  toI,  ini.  pp.  40-42,  66-67,  ll8-im 
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Englamj,  Limited,  gives  the  history  of  the  discovery  of  gms  in  tboj 
district^  and  some  viewa  of  the  wells  being  aunk» 

Natural  Gas  in  the  United  States. — A  good  accotint  of  thi 

present  condition  of  the  natural  gas  industry  in  the  United  States  is 
given  by  W,  H,  Hammon.*     The  present  stipply  is   obtained   from 
more  than  10,000  wells,  varying  in  depth  from  a  few  hundred  to  3000 
feet,   and   the  rock  pressure  is  sometimes  as  hiL^h  as  1000  lbs.  [*e] 
square  inch.     The  gas  was  first  piped  from  the  wells  about  1B81,  aiidi 
now  the  pipe  lines  are  laid  up  to  distances  of  more  than  150  miles, 
and  one  Hue  of  200  mtles  is  under  con^ntnietion.     The  pipes  used  vary 
from  2  inches  to  3  feet  in  diameier.     Pipe  below  10  inches  in  diameter 
is  made  with   screw  couplings^  atjd  up  to  2  feet  with  dange  jotnUw 
Above  that  size  cast  iron  or  riveted  steel  pipe  is  use"!.     In  the  aggre* 
gate  tiiere  is  probably  25,000  miles  of  piping  in  u^e.     Generally  tbt 
gas  i^  forced   through  the   pipes  by  its  natural   pressure,   but  larg# 
recourse  is  had  to  pumping  when  the  wells  are  becoining  exhausted  or 
when  the  pipes  are  very  long.     With  gas  engines  a  oonsumptloa  of 
1  cubic  foot  of  gas  will  compress  30  ctibic  feet  to  a  pressure  of  270  Ibs^ 
per  square  inch.     An  illustration  is  given  of  a  large  gas  engine  com- 
pressor plant,  with  four  combustion  cylinders  25  by  48  inches,  two 
^rst  stage  compressor  cylinders  31  by  24  inches,  and  two  second  hU^ 
compressor  c}dbders  15 J  by  24  inches.     Sixteen  cubic  feet  of  gas 
give  one  horse-power  hour     Four  melhoiis  are  in  vogue  for  measi 
gas    viz.,   meters,  Fitot  tuhes^  computation  from  the  initial  and 
charge  pressures  and  the  length  and  mzta  of  the  pipes,  and  (fourth] 
calculating  the  output  of  the  hole  from  its  volume  and  the  pr^ 
attained  after  closing  it  for  one  minute,    The  formulae  used  in 
four  methods  are  given.     The  sources  of  the  gas  are  thea  discussttl, 
and  it  is  pointed  out  that  the  most  proline  fields  are  those  along  the 
western  slope  of  the  Appalachian  mounttun  system  frum  the  Canadian 
border  to  Tennessee,  and  those  throughout  tlie  great  anticlinal  from 
Kentucky  to  beyond  Lake  Erie.     The  latter  is  known  as  the  Cincin* 
uati  Arch,  with  its  centre  near  Cincinnati^     These  two  fields  produoe 
95  per  cent,  of  the  total  production  in  the  United  States.     A  brief 
review  of  the  various  deposits  and  their  present  conditions  is  then 
given,  followed   by  short  notes  on  the  origin  of  the  gaa,  the  eaaae  of 
the  pressure,  and  the  cliemistry  and  uses  (d'  the  gas. 

Katural  Qas  in  the  Caspian  Sea. — At  a  meeting  of  the  Rustim 

*  Tkf  Mineral  Indusir^,  vqI  k.  t»p.  -164-1831 
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samples  of  Ruasian,  Pennsylvania,  Borneo,  and  Texas  oil  u«i*d  for  thej 

manufacture  of  gas. 


Ym.-'COAL-MINING. 

Deep  Boring* — Several  methods  of  deep  boring  liave  recently  beett 
devised,  in  which  the  tool  only,  and  not  the  rods,  receives  the  percussive 
movement.  In  these  appliances^  of  which  a  description  has  reeentlf 
been  giveii,*  the  action  is  dependent  on  the  jdternate  flow  and  inUr- 
riiption  of  the  water  column  in  the  hollow  rods  to  produce  a  water- 
hammer  action  gomewliat  analogous  to  that  utilised  for  raisin;^  watef 
Ijy  the  water-ram.  Different  tjpes  of  these  apparatus  have  t^eeii 
devised  by  llowarth,  Pruszkowski,  and  Wolski, 

An  illustration  is  given  t  of  the  electricaUy  driven  Davis-Calyx  drill 
at  work  in  the  Calderpit  of  the  Mirfield  Colliery  Companyi  Yorkshim 
The  drill  is  fixed  at  a  depth  of  600  feet  from  the  surface,  and  the  bore 
has  pierced  a  further  deptli  of  700  feet,  and  is  proceeding.  The  con 
from  the  boring  are  also  shuwn, 

L*  V.   Emanuel  \   describes  the   method  of  core^dritlitig  with  the 
Davis'Calyx  drill,  and  gives  a  number  of  illustrations  to  show  the  mor^ 
recent  forma  of  ajiparatus,  especially  titose  for  driving  the  rods.     Tin 
use  of  chilled  shot  instead  of  teeth  with  a  crown  tool  is  also  describes 
as  being  adapted  for  harder  rocks* 

Bobert  Pitaval  g  gives  particulars  of  the  boreholes  put  down  la  thi 
Paa  de  Calais  south  of  the  fault  bounding  the  cofilfield.  The  aggrs^l 
depth  of  these  boreholes  is  12,000  yards.  Five  of  the  bareholes  haf( 
already  encountered  the  coal  measures.  The  deepest  boreholes  ar 
those  of  Bois-Bernard  1160  yards^  Marest  050  yards.  La  Comt^S  %2\ 
yards,  Aix-Nonlette  850  yards,  and  OurLon  820  yards.  The  foa 
first  were  put  down  with  the  diamond  drilL  Experience  tends  to  shoi 
that  in  the  conditions  that  obtain  in  the  district  t)j6  best  plan  is  t 
udopt  percussive  boring  for  the  first  700  yards  and  then  lo  use 
diamond  drilh 

A  paper  con  I  aim  ng  a  n  umber  of  notes  on  deep^boring  has  beeJi  po 
lished  by  T.  Tecklenhiirg,|| 

*  Iran  tind  f**ni  TratitJ^  J?ci  jVw,  vol*  Ijcr.  pp,  40i5-4Ofl* 

t  Ibid.,  |i.  Ifi3. 

t  SrA-'tf/  of  Mififit  Quartctl^,  vol.  xmUu  yp.  ^] 9-233. 

I  E^Ko  dtx  Minent,  voL  xiix.  pp.  780-7^. 

i  muckii^i^,  vol.  jtxiriiL  pp.  tUQ2-lO0l». 
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deep  ji«d  the  gear  raised  to  bank  in  2J  hoara,  Tiie  average  progress 
of  sinking  was  7h  yards  per  week* 

Some  par  Lieu  lars  have  been  given  to  show  the  rapid!  tj  attained  m 
sinking  shafts  in  Soutli  Africa,  Auatralia,  and  England,  The  mosl 
rapid  appears  to  be  167  feet  in  an  ll-foot  shaft,  hut  of  course  the  rate 
depends  entirely  on  many  circumstances,  such  as  hardnesa  of  rock, 
amount  of  water,  &c.     Nevertheless  the  figures  may  he  of  intereatvf 

L.  Bouchut  I  describes  the  method  of  shaft  sinking  employe*!  at  the 
Pinel  colliery, 

Stenglg  gives  an  account  of  the  new  plant  at  the  Bonchamp  coal 
mines*     The  depth  of  the  winding  shaft  is  S300  feet, 

W*  B,  Crane  [|  describes  the  linking  of  a  shafi  to  work  two  eeama 
at  depths  of  799  and  1126  feet  at  Atchison  in  Kansas.  The  aliaft  ii 
rectangularj  Ibi  by  7^  feet  in  the  clear*  To  a  depth  of  250  feet  the 
work  has  been  done  mainly  in  limestone,  aandsione,  and  shale,  Kock 
drills  on  transverse  columns  are  used  for  drilling  the  blasUholea,  wbick 
are  arranged  to  blow  out  the  centre  and  then  the  sides.  Timber 
0 ribbings  are  used, 

Huudhausen  ^  gives  a  short  general  description  of  the  freezing 
process  as  applied  to  mining*  T,  Koster**  describes  the  ap pi  icatiott 
of  the  freezing  method  in  dnking  shafts  near  Eygelshoven,  Limburgi. 
The  cost  is  £160  to  £200  per  yard  depth, 

The  metlioda  of  shaft  sinking  illustrated  at  the  Diisseldorf  Exhibit 
tion  are  deijcrihed  by  G.  Herbat.tt  ^ 

Winding  Appliances* — 0.  Liddelltt  describes  the  arrangemOTi 
at  the  upcast  shaft  at  Wood  horn  colliery  so  that  winding  maj  be  don< 
with  the  minimum  lo^s  of  air.     The  top  of  the  shaft  and  bottom  ol 
the  frame  are  enclosed  in  a  brick  building  52  by  174  feet,  and  25  feet 
in  height,  with  air  dock  doors. 

H^  Ci  Behr|§  discusses  at  very  considerable  Itsugtb  the  probL 


•  En!^irhen4np^  Vftl.  Ixiiv,  pp,  40,  43-44 ;  AVif/ineen  vol.  soiir,  p,  30, 
t  OoiUrrtf  (jtu^fdia.ny  vol.  btxiiv.  p.  400. 

*  Voinptm  /Jendttw  Mtrntutk  de  in  Sft&i^^t^  de  Vhiduatrie  MitUr^t,  1201%  |ipi.  IO0-llSir 
%  Of^an  fU$  "  Veretn  dtr  Buhrttcffniker,'^  SBptembtT  1,  1902. 

IT  Montan  Ecituny,  vul,  \%.  |ip,  324-326. 

**  De  Xttfjeiiknr,  Um,  p,  457* 

ft  Otitckiiuf,  viil.  jLKTvnL  jip,  521-534,  with  Ave  pkt««. 

JJ  f^anvjUftimut  of  ih<'  Itigtiiutitm  &f  Mining  Ett^inrtrn,  vol*  sAiii*  (ip,  195-197, 
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Ufleful  loud  of  4 '1 5  tona  in  one  lift  from  a  depth  of  1640  feet  it  s 

maxitnam  speed  of  65f  feet  per  second.  Continuoua  current  will  bd 
supplied  at  500  volts  from  generators  in  couj unction  with  regulator 
batteries  to  drive  the  two  1400  horse-power  motors.  The  driviDg 
drum  ig  placed  between  the  motora^  which  are  keyed  on  Its  shaft,  and* 
either  motor  may  work  Beparateijj  or  they  may  be  worked  in  sariovi 
or  in  parallel  The  current  controller  is  worked  by  a  compressed  air 
engine,  and  compressed  air  also  works  the  brakes. 

Another  electric  winding  engine  for  the  Harpener  Company  at  Dort- 
mund i«  also  illustrated.''^  It  la  intended  to  wind  100  tons  of  coal 
hovtrly  from  a  depth  of  2296  feet.  Tlje  pulley  on  the  Koepe  ajatem 
is  10|  feet  in  diameter,  and  is  coti|iled  direct  to  a  three-phiae  motor 
worked  with  current  at  2000  volts.    Liquid  starting  resistances  are  naed.  ■ 

Another  type  used  at  the  Arnim  collieries,  Pianitz,  near  Zwicknu, 
Saxony,  has  two  sets  of  drums,  one  behind  the  other,  anil  each  drivrn 
by  direct-current  motors.  From  600  to  700  tons  are  wound  daily 
from  a  depth  of  722  feet.  Ho  starting  resistances  are  used  in  the 
main  circuit,  but  the  current  from  the  generator  is  controlled  by 
regulating  the  exciting  dynamo. 

A  description  has  appeared  of  an  electric  friction al  winding  engine^ 
winch  was  designed  by  T.  Bu^cliniaitn,  and  wai  exhibited  at  Diissel^ 
dorf  by  the  Elektricitats  GeselUchaft.f  It  is  driven  by  a  slow-running 
oontinuous-current  motor,  and  is  capable  of  banling  a  net  load  of  2B 
QwU  from  a  Ueptli  of  1300  leet 

A  description  is  given  of  a  gas-driven  generating  station  for  an 
electric  winding  engine.  The  installation  consists  of  &  compliite 
Pintsch  gas-producer  plant  working  on  tbe  auction  system  and  fed 
with  coke,  The  generator  is  designed  for  a  normal  output  of  100 
horse-power,  with  a  maxiumm  of  125  horse-power,  and  it  runs  at  15Q 
revolutions.  The  conisumption  of  coke  is  1  lb.  per  horsc-pow^r  Itoof 
transmitted  to  the  winding  motor.l 

An  illustrated  memoir  on  electric  winding  plant  h^  been  writtett 
by  O,  Lasche.g 

C,  Kottgen  11  discusBes  the  methods  of  controlling  electric  wtndiog 
engines. 

•  ^tffinfierinffi  vol*  lijiv.  |>|k  136-130  j  Trmtimt  und  TmnsmUgionf  toL  ii  pp.  Q^ 

64,  witlj  f»Uiia. 

t  Oltlckauf,  voU  xxxTiiL  pp.  786-788i 

t  Ihid,^  piK  1000-1003. 

§  Ibid.,  |ip.  TOO-704. 

II  EkMrott&hniaclie  ZtUschrifi,  1902,  pp.  601-607. 


438  THE  IRON  ANT)  STEEL  INBtlSTRIES. 

The  exhibits  counectad  with  winditig  showti  at  the  OUsseMorf 
Exliibition  have  been  described  by  Hecker.* 

Windingf  Rop8S* — H.  Declmmps  t  discusses  the  application  of 
graphic  ataLica  to  the  study  of  the  equihbrium  of  winding  ropee  in 
deep  shafts. 

W.  D*  L.  Hardie  \  describes  the  various  forms  of  wire  royes  used  in 
tniuesi,  and  gives  a  specification  for  their  manufacture  and  testing, 

Tlie  statistics  of  the  witiding  ropes  iu  the  Dortmund  coalfield  hr 
1901  have  been  pubhahed*g  Of  the  462  winding  ropes  discarded,  five 
were  discarded  as  they  broke  suddenly,  or  1*08  per  cent*  In  1872, 
when  the  statigtica  were  first  collected,  the  percentage  was  19^30, 
During  the  thirty  years,  of  the  7337  winding  ropes  discarded,  273, 
or  3 '72  per  cent*,  broke  suddenly  in  use. 

Details  are  published  ||  as  to  the  replacement  of  wire  ropes  in  the 
Breslau  mining  district.  Of  194  ropes  replaced,  only  two  broke  when 
in  use.  Iron  wire  ropes  have  not  been  employed  siuce  1898,  and  now 
only  round  ropes  of  crucible  cast-steel  wire  are  used.  In  I88i  m 
mauy  as  9  62  per  centu  of  the  replaced  ropes  broke  when  in  u«e,  so 
that  great  improvements  in  this  respect  have  since  been  effected,  owing 
largely  to  the  different  nature  of  the  material  now  used  in  their  con* 
struction,  and  to  round  ropes  having  replaced  flat  oues. 

TTlldergroand  HauIage^ — J^  Bairdf  describes  the  underground 
haulage  at  the  Mossblown  colliery,  Ayrshire,  which  has  only  recently 
been  sunk,  and  is  not  as  yet  fully  opened  up.  The  main  haulage 
engines  are  placed  at  the  surface,  and  w*ork  an  endless  rope  hau1a|£e 
underground  and  also  a  main  rope  haulage  on  an  incline*  Full  deudls 
and  illustrations  are  given. 

L  L.  Logan  **  describes  an  arrangement  of  Bidings  and  croeiiiigs 
for  a  tail  rope  haulage  plant 

B.  F.  Jones  tt  compares  the  various  methods  of  underground  haui 
and  deids  Mer  alia  with  the  best  sizes  for  trucks  ,  resistance  to  bauli 

♦  Gta^kauf^  vol.  II 31 V ill .  pi>.  ^HTj—ISI,  with  twelre  plttt«i* 

t  Rtmit  UniVi'TttUt  d€s  Minrt,  vol  Iviij.  |*|j,  1-34. 

%  Jfturmd  of  ikf.  CauadMn  Minintf  JnittituU^  voL  y.  pp.  33-41. 

I  Qtiiehinf^  yoj.  jtJtxvilL  pp.   Sll-^IS;  OriUrrri^hiBchc  Z€\tmhrift  JUf 
BilU€nm$ei%*  voL  1,  pp.  53^-541, 

\\  OcsUrrtit'hiahe  ZeiUchrift  fUr  Btrff-  wid  HmUfiWiM^  vttL  t  p|>.  S16-I16L 

^  TrttnmcliofiM  of  the  fni^titution  g/  Mining  En^mtrt^  vol.  xjtiiL  pp*  152kl6i2, 

*•  Mini*  and  Mintt'QU,  toL  ixii.  p,  4S5. 

ft  pAf^rreftd  before  the  W^iUtd  PeniiftyWiLiiiii  CentnlMiniiig  lii«tltut«,  Jai3« 
Mine*  anri  Mhm*W#,  vyL  xiiii.  pii,  1^12, 
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soft  coal  mineB,  and  refer  to  the  use  of  direct  ciirretiU  and  poljpl 
eurrentis  with  at  id  without  tranarormera. 

Tlje  fifLk  volume  of  tiie  collect! vo  work  *  on  the  coal-mintog  indoitry 
of  Kheiniand  and  Westphalia,  the  whole  of  which  is  from  the  pe» 
of  W,  MuUerj  forms  a  corai)lete  monograph  on  haulage.  In  the  first 
chapter,  on  haiilai;e  materials,  he  deals  with  colliery  waggons  and 
colliery  railways.  In  the  second  he  descrihes  haulage  in  levels  (with 
putters  and  horses  and  with  engine  power)^  haulage  OD  inclines,  and 
haulage  from  dip  workinge.  The  third  chapter  is  devoted  to  winding, 
detailed  particulars  heing  given  of  winding  ropes,  cages,  guides,  safety 
catciieft,  signals,  travailing  in  shafts,  pit- head  gear,  loading,  and  winding 
engines.  The  last  ciiaptt^r  deals  with  surface  haulage ;  chain  and  rf>j*c 
haulage,  locomotive  haulage,  and  aerial  wire  ropeways  ht^ing  described 
in  considerable  lietail.  In  the  Ruhr  coalfield  there  are  nine  such  liuee^ 
those  at  the  Pauline  (1200  yards  in  length),  the  NeuglUck  (840 
yards),  and  the  HasenwJnkel  collit-ries  (2800  yards)  being  the  most 
notable.  At  tlie  first  two  collieries  the  ropeways  bring  coal  from 
shafts  oil  the  right  bank  i>f  the  Buhr  to  railways  on  the  left  bank. 
At  the  Hasenwinkel  colliery  coal  and  coke  h  carried  to  the  Maria 
Anna  colliery  and  there  loaded  ou  railway  waggona.  In  the  former 
caaes  an  ordinary  branch  railway  was  not  possible  owing  to  the 
nature  of  the  ground;  in  the  last  case  tbe  complete  independence  of 
the  State  railway  and  of  the  periodical  shortage  of  waggons  led  to  ihe 
CO  Instruct  ion  of  a  ropeway.  The  capacity  of  the  Hasenwinkel  ro|>eway 
is  60  tons  of  coal  and  30  tons  of  coke  per  hour.  The  buckets  hold 
half  a  ton  of  coal  With  a  velocity  of  the  hauling  rope  of  5  feet 
per  second,  the  buckets  follow  at  distances  of  45  ur  55  yards,  so  that 
there  are  constantly  on  the  line  122  coat  buckets  an<l  100  coke  bucket^ 
of  which  half  are  empty  and  half  are  full.  Details  of  the  cost  of  the 
wire  ropeway  at  the  Neugliick  colliery  are  given.  It  works  out  to 
£ij  is.  2iL  per  metre.  The  cost  of  working,  including  interest  and 
depreciation,  is  2j^d.  per  ton. 

L.  Hollein  f  states  that  at  one  of  the  colHeriei  in  the  K&rwin  district 
an  automatic  switch  has  been  employed  on  the  tramways  with  much 
advantage  owing  to  its  simplicity  ami  certainty  of  action.  It  connecta 
several  lines  of  rails,  ami  the  waggons  pass  from  one  to  the  other  witii* 
out  any  special  alteration  In  the  position  of  the  switch  being  necest&ty. 

*  Die  EnttBhktlunff  det  NmlttrhrmUrh  -  WettftUisch^i  SUinh^hUn  •  Bnpftaaiet, 
Vitl  w.,  Berlin,  11102. 

tbr^e  iUuflttiLtio'iii. 
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H,  HoflTmann  *  descrilws  tlie  tniiiitig  macUinerj  at  the  Diiaa^Uorf 

Exhibition,  with  special  reference  to  the  applieatioa  of  electric  driying. 
The  appli cation i  of  eiectricity  and  power  gas  to  mining  aa  shown  at 
the  DUsseldorf  Exhibition  are  described  by  R.  Goethe,  t 

Compressed  Air  in  Mines. — Some  illustrationB  are  giveti  |  of  a 

large  King  Kiedler  vertical  air  compressor  built  for  the  haulage  plant 
at  the  Powell  Buffryii  colliery.  Its  capacity  is  8300  cubic  feet  of  free 
air,  compressed  in  two  slaves  to  60  lbs*  pressure  at  seventy  revolutions 
per  minute  with  95  lbs.  boiler  pressure.  It  is  furnished  with  the 
Kiug  trtangiilar  connecting  rods,  whicli  reduce  tlie  height  of  the 
machine  by  11  feet  as  compared  with  tlie  ordinary  arraugement 
The  diameters  of  the  steam  cylinders  are  23  and  38  inches,  and  of  the 
air  cylinders  23  and  37  inches ;  the  stroke  is  48  iuches.  Each  side  of 
the  machine  is  a  duplicate  of  the  other,  and  can  be  uucoupled  from 
the  shaft  and  run  separately;  Wbitmore's  combined  centrifugal  and 
pressure  governors  are  attached. 

The  air  compressors  exhibited  at  Diisseldorf  are  described  by 
Muller.§ 

ExplosiTes  and  Blasting. — In   connection  with   the  DusseMorf 

Exhil>itiotjj    Fahndrich  II   publishes    a    lengthy    article    dealing    with  

explosives  and  means  of  ignition.  ^^H 

H,  Bigg- Wither U  insists  upon  the  necessity  for  keeping  detonat^i 
dry,  and  gives  illustrations  of  lead  plates  on  which  damp  and  dry 
datouatora  have  been  fired »  With  damp  apecimeus  the  copper  tube  ii 
ripped  open  or  blown  into  fragments  which  indent  the  plate,  but  with 
dry  detonators  tlie  eopjier  is  blown  into  fine  powder  which  scores  the 
plate  around  the  central  indentation  with  fine  lines. 

A,  P,  H*  Desborough^  H,M*  Inspector  of  Explosives,  has  issued  hii 
official  report  on  the  work  carried  out  at  the  Home  Office  Testing 
Station  for  Coal-mining  Explosives  during  the  year  1901.  The  Per- 
mitted list  now  contains  eleven  nitro-glycerine  com  pounds^  eleven 
ammonium  nitrate  compounds,  and  tbree  miscellaneous  explosivea. 
The  working  of  the  testing  apparatus  is  described,  and  further  testa 
have  been  made  with  coal  dusL 

•  £eiUehri/t  det  Vtrriixes  eUutjicher  In(;enieMre,  vol.  slvi  pij*  811-816.  lliShllSl- 

f  mUt&avt  vo).  jtxxviiU  pp.  6C(5~<?16,  with  oleveD  pUt«i;«, 

X  C^dlkr^  Gfrnniian,  voL  liiii LL  pj*.  10+8-1049, 

§  (m^kuMj,  vtil  xixviii.  r*p»  577-I58S,  with  eighl  pUtei* 

»  ibid.,  |.p.  7ir-7»4. 

%  Tmnm^UanM  tff  the  InUiiutitm  of  Mining  Bnginetrt,  vol.  aai  pp»  44^^IIS. 
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a  quarter  of  the  total  production  is  won  with  the  aid  of  these  maehi 
The  pick  or  percussive  machines  and  the  chain-breast  machines 
mostly  used,  though  there  are  a  few  long- wall  machines  ;  but  the  latter 
method  does  not  meet  with  much  favour  in  the  United  States,     All 
the  types  in  use  and  several  that  are  of  historical  interest  are  illus- 
trated, and  aeveral  sheartug  machines  are  included* 

R.  Holiday  *"  gives  some  notes  on  the  application  of  three-phase 
currents  to  electrically  driven  coal-cutting  machines  with  wheels  har, 
and  chaiti  cutters.  By  the  u^e  of  spring  brushes  sparking  due  tarn 
Tibration  at  the  rotor  contact  rings  was  avoidedj  and  it  was  fontid 
possible  to  diapeuse  with  them  and  the  startiug  restEtancee  altrigether, 
by  arranging  the  gearing  so  that  the  motors  could  run  freely  for  a  fmwM 
revolutions  before  beginning  to  drive  the  cutter.  In  one  form  this 
was  done  by  a  lug  on  a  litsc  on  the  driving  shaft  engaging  in  either 
direction  with  a  hig  on  the  driven  part  after  a  partial  revolution,  so  aSj 
to  start  the  machine  with  a  jerk.  Short  details  are  given  of  several^ 
machines  used  by  the  author,  and  their  advantages  are  mentioned 

L*  J,  Daft  t  discusaea  the  introduction  and  tise  of  coal-cutling 
machines,  especially  from  the  point  of  view  of  the  imperfection  of  the 
earlier  designs  and  their  recent  improvement  as  affecting  the  workmei| 
using  theiii<  Pick  and  chain  machines  are  then  disctissed,  prefefezii 
being  given  to  the  former. 

Some  tests  with  coal-cutting  machines  at  the  mines  of  Marlfie,  111 
France,  are  described  in  cktail  by  Baily4  He  comes  to  the  conclastoi 
that  electrically  driven  cutters  will  not  be  widely  adopted  in  the  mine 
of  Northern  France, 

Kier§  gives  an  account  of  the  results  obtained  with  coal-cuttinj 
m  acid  lies  in  the  Kuhr  coalfield.  The  trials  were  ma^le  with  Ihi 
Garforth  machine,  with  the  Ingersoll  pick-machine,  and  with  serem 
types  of  German  machines.  The  results  show  that  with  a  hard  o 
fairly  hard  coal  the  coat  of  production  is  considerably  lessened, 

K  Knackstedt  |[  discusses  the  advantages  of  coal-cutting  machinery  ti 
reducing  the  quantity  of  slack  coaU  The  use  of  ruck-drilUng  machine 
as  co&l  cutters  is  suggested. 

At  the  mines  of  the  Erzgebirgische  Colliery  Company,  Saxony^  thi 
Miinzner  coal-gettinc,'  machine  was  tried  in  several  seams,  bul  witJ 


I 


•  Ji^nrmd  of  ihe  Briiinh  Mining  Stitdentt^  Toi  xxiv.  yp.  171-174* 

f  Minet  and  Mtmraii,  voL  xxii.  p*  5(18 ;  *oL  xxiii,  jip*  f»2-fi'l,  87-H^. 

*  Hx^htin  thf  la  Soci^i^  d' IntiunlrU  MiniraU,  toU  »*  aeriei  it.  pi*.  703-70^ 
§  aWf'hiuf,  vol.  iixviii.  pp.  fl^-644. 

\i  Mery-  uyid  MUittnmsnfdKeM  Zcit'muj^  vaL  \xL  |tp.  28£^2S1>, 
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is  worked  out  to  the  boundary,  and  then  the  splmt  coa^,  5}  feet  ii 
tbickuese  and  0  to  1 4  inches  above  i%  h  worked  b^ek  on  tbe  iong^^rml 
system.  Additional  detail  a  of  the  methods  emplojred  in  tlic  neigh 
bo u ring  collieries  are  given  by  1\  Moodie  *  and  by  T.  Amolt ; 
generally  speaking,  they  are  similar  in  character. 

D«  Jones  I  discusses  the  legislation  and  owner8hi|i  of  propertie 
containing  coal,  especially  in  regard  to  the  question  of  what  stt'Ei 
should  he  taken  to  render  available  the  coal  benciath  numeftitii 
BTuall  properties  owned  by  different  people.  It  is  suggested  that  thli 
matter  might  be  considered  by  the  Royal  Commission  on  c^ 
supplies. 

A.  S.  E.  Ackermann  §  cora pares  the  coal  resources  and  methods  ol 
getting  coal  in  England  and  America,  and  maktss  special  reference 
the  shallowness  of  the  workings  in  the  latter  country  generally,  a 
compared  with  those  in  England. 

S.  Wane  ||  describes  a  method  of  long- wall  working  in  a  seam  %\ 
inches  in  thickness,  with  a  soft  roof  and  floor  lying  at  an  angle  of  16^, 
The  coal  is  worked  with  a  stepped  face  on  the  fuU  rise  off  mtoii  lev« 
60  yaiils  apart. 

In  continuation  of  a  general  description  of  the  coal  deposila  in  tl 
Loire  basin,  H.  PasquetH  discusses  the  character  of  the  thin  coal  seami 
in  which  category  he  includes  all  those  below  10  feet  in  thickm 
The  first  portion  of  the  memoir  is  descriptive  of  the  principal  method 
of  winning  the  coal,  and  in  the  latter  portion  the  metho^ls  emploji 
are  compared.  In  conclusion,  some  notes  are  appended  on  the  worl 
ing  of  fiery  mines,  as  exempli  tied  in  the  great  Latour  deposit  ned 
Firminy. 

Stein  **  pubUshes  a  Jiumber  of  notes  on  the  conditions  and  metiiwi 
of  mining  in  Northern  France. 

For   a   loag   time   past   the   Society    of   Mining   Interests   in 
Dortmund  district  has  had  in  preparation  a  collective  work  on  th 
development  of  the   coal-miiiing   industry  of  the  Lower  Rhinij  an 
Westpl>alia,     The  second  volume, ft  which  covers  378  pages,  with  14 

•  Tmttmffiii)fuqf  ihelnstUiUioR  of  Mining  Mrtginetri^  vol  Utiii*  {tp.  ^2-&^. 
+  /*{</.,  pp.  288-290,  t  ^^i^^,  PP»  272-378. 

I  Enijintetinfi  Ma^fazim^  vol,  ixiiL  pp.  357-362. 

\\  jQumat  of  the  BrUkh  Siwitt^  efMmi1^f  StudeiiU^  vol.  xiiv,  pp«  llJi2'l^ 
If  Biitftlin  dt  /«    Sf>ci^  de  tlndut^U  JfiWni/c,   urie*  4*    vol.    i.    p|r.   *m 
with  ievonty-fotit  iUuatration*. 

t+  BkEMtffiekeiungdi*  IftederrhtiniMck-Wai/iiimktH  Stnnkifkim-Berf;i*ftHU^  vol  «., 
BerUu. 
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deaths.      The    Auatnaii    Govemiaent    consequently    appointed,    on  I 
22tid  November  IDOO,  a  commission  to  inquire  iutp  the  methods  of! 
mining  amptoj'ed  in  the  Brux  brown  coal  region,  and  to  aM^eitaifl] 
what  improvements  were  advisable.     The  report  *  cover*  200  pig6%] 
and  is  accompanied  by  a  map  of  the  district  and  numerc^^is  il lustra* ' 
tious.      It  is  divided  into  seven  sections,  dealing  re^pectivdy  with 
(1)  methods  of  mining,  (2)  ventilation^  (3)  mine  fires,  (4)  fire  damp 
and  coal  dust,  (5)  other   nojcious  gases,  (6)  inrushes   of  water,  lad 
(7)  tftchnical  managements     Mining  as  carried  on  in  the  Brlix  distric 
the  Commissioners  believe,  is  as  satisfactory  as  it  Is  in  other  itnpoil 
coalfields*      They  recommend,  however,  in  certain  cases  some  tligh 
changes  in  the  methods  of  worktng.     For  blasting,  safely  exploiifi 
should  be  used,  and  unless  electric   ignition  is  employed  not  mon 
than  one  shot  should  be  fired  at  a  time.     In  fiery  mines  the  marrtDufl 
charge  of  explosive  should  be  dx^d  by  the  inspectors  of  mirte^.    It  i 
also  recommended  that  a  permanent  committee  of  exfierte  should  ' 
formed  to  regulate  the  adoption  of  new  inventions. 

An  illustrated  and  tietailed  account  is  given  f  of  the  collteriea  of  I 
Webster  Coal  and  Coke  Company  in  the  Johnstown  basin  at  EbifOi 
fie  I  d ,  Pe  nuey  Ivan  i  a, 

A   detailed    account   of    the    Indwe   collieries,   Cape   Colony^ 
appeare*hj 

E.  W.  Nardin  g  describes  the  Takasima  collieries^  which  are  worl 
from  four  small  islands  near  the  entrance  to  Nagasaki  harbour*  i 
gives  immeroug  illustrations.   The  seams  dip  steep ly,  and  are  numerouil 
and  ej^tensively  faulted,     A  very  large  proportion  of  the  workmgg  in 
under  the  sea,  and  some  five  thousand  workmen  are  employed  ahofi 
and  below  grounds     A  number  of  assays  are  appended* 

F,  J,  Frank II  gives  a  short  illustrated  account  of  the  Japanese  collii 

Mine  Brainage.— The  advantages  and  tHsad vantages  of  the  \ 

systems  of  pumpiny^  are  discussed  by  F.  Schulte.H 

W.  R,  Crane**  describes  the  construction  of  centrifugal  pumpfl 
their  appHcation  to  mining  purposes. 

•  Btrkhi  d^r  Comminwn  ^ir  tlntcrfuchmnf  dtr  Btit^Helttverkaiinism  dts  £cf] 
im  BrHictr  BrautLkohttitrrvitrt,     Tleouii :  GaverBme&t  ¥nnter^  1902. 
t  Alineii  and  Afintfalii^  vol.  %i.u,  pp,  433-4S7* 
X  tViiefy  (juiirtliatt^  vol,  Ixixiv,  pp.  454,  509. 

§  TnittMaeliinis  m/  the  Aifntrafatian  IntUtute  of  Mimn^  En^Hi:m,  voL  mL  fp^  *»!'*•  j 
H  AfiWji  and  MincftiUi,  vui  xxili.  pp.  4i^% 
II  Gliickauf.  vol  ^xviii,  pp.  686-ljWa 
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F*  C.  Haste  *  describes  the  pump,  deviBed  by  himself,  in  wMch  the 
barrel  is  reciprocated  at  a  high  speed,  and  works  thrcmgb  stufliug, 
boxes  on  the  ends  of  the  suction  and  delivery  pipe$.  A  doubtif*etidea 
conical  valve  lies  in  a  swelled  central  portion  of  the  barrel,  an«l  Jiettii 
itsLdf  at  one  end  or  tlie  other  at  the  ends  of  the  stroke,  but  leATet  UH 
annular  passage  durinj^  the  back  stroke  equal  in  area  to  the  pijiea,] 
The  action  of  the  pump,  onct^  started,  depends  on  th«  inertia  of  ihtl 
water  column,  but  it  may  be  considf red  as  a  form  of  bucket  |mnjpl 
arranged  so  that  there  h  a  minimum  of  resistanee  to  the  contitiuoitti 
flow  of  the  water* 

Tl)e  pumping  engine  at  Bathgate,  Liniithgowshire,  i&  compound  iQtl 
condensing,  the  high-pressure  cylinder  bf^ing  B8  inches  in  tiianieter  A»ii 
the  low-pressure  cylinder  being  76  inches  in  diameter^  each  liaving  a 
9-foot  stroke.  The  arrangement  of  the  pumping  engine  it  illustrated,! 
It  is  fitted  with  Dary's  differential  valve  gear. 

F,  Darling  {  states  that  an  electric  pumpitig  plant  has  been  put  in 
one  of  the  slmtts  in  the  South  Durham  collieries  to  replace  the  eld 
Cornish  pumps,  so  as  to  give  more  room  for  winding.  A  description 
of  the  plant  at  tlioae  collieries  is  also  given.g 

The  application  of  electricity  as  a  motive  power  in  connection  witli 
pumpirig  appliances  is  discussed  i>y  Haiisen,|{  who  describea  a  uumWr 
of  examples  in  which  express  pumps  are  so  driven.  Amongst  these  itre 
the  four  pumps,  each  coupled  tu  a  3000*volt  alternating  current  inoto^ 
which  were  placed  in  position  at  the  Colonia  sliaft  of  the  Mansfeb 
Company,  nuar  Lungendreen 

W.  S.  Ay  res  ^1  discusses  some  of  the  points  which  have  arisen  sini 
the  recent  dooding  of  some  of  tlie  antliracite  mines  in  Penngyl 
owing  to  exceptional  rainfall.  The  surface  water  is  cared  for  to  son: 
i^xtent  by  cauais  and  ditches,  and  by  flumes  over  broken  ground.  1 
some  cases  the  surface  has  been  filled  in  and  raised  by  water-burs 
silt  from  operations  on  adjoining  properties.  Adit  levels  are  all 
mentioned,  and  also  raisiing  tlie  water  by  alternately  filling  and  empt 
ing  two  tanks  at  the  bottom  of  the  shaft  with  compressed  air  an 
water.    It  is  becoming  a  usual  practice  to  place  the  pumps  in  a  chani 

*  Fftp€t  rsftd  b«fot«  ttie  Nftrtb  Stftffordsbire  InitHntioii  of  Mining  %nd  M«tihiaii 
Engineer^ 

f  CoUiay  Owirdmn^  roL  Ixxilit,  pp.  3d^S9fi. 

+  TntiitactionM  of  the  Inttiiuiion  nj  Mining  ITti^tneeri,  toL  xliii.  pp^  267^2 

£  /Wrf.,  pp.  264-266. 

U  Oe^trrciehiKKe  Meituchrift  fur  Berp-  und  H^ttevtwfMH^  vol.  1.  pp.  211-214, 

H  E^iQinetrififf  emd  Mining  JmtrKini^  ¥oL  Ixiiii.  pp.  *178-37S^* 
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dischftrge  cou^j  the  insfc^latioti  has  worked  regularly  and  effectivelj 
night  and  day.  One  nmn  does  the  whole  of  the  Hring  at  the  boiler, 
an«l  at  intervals  inspects  the  fan.  The  automatically  forced  lubrica- 
tion and  the  effective  governors  on  the  engine  combieie  to  render  th« 
whole  instaltation  reliable  and  steady,  and  it  compares  most  faToarably 
with  othiir  types  of  fans. 

C.  M.  Percy*  points  out  that  about  20  tons  of  air  are  pissed* 
through  the  colliery  for  each  ton  of  coal  raised^  an<l  then  gives  an 
illustrated  accouat  of  various  fans  used  in  English  practice,  esyieeially 
the  Giiibal,  Schiele,  and  Walker  enclosed  fans,  and  of  the  Waddle 
fan. 

Dimeniional  illustrations  are  published  f  of  a  fan  erected  at  % 
colliery  at  Glouster,  Ohio,  It  is  approximately  21  feet  in  di&meter 
and  6  feet  broad,  and  is  driven  by  a  single-cylinder  direet-connecUMi 
engine,  with  a  12  by  20-inch  cyli ruler,  giving  80  horae-power.  Ail 
arrangement  of  pa>jsages  and  doors  is  provided^  so  that  the  fan  may' 
work  either  in  blowing  air  into  the  mine  or  exhausting  it-. 

An  illnstration  is  given  by  L,  M.  Hall  J  of  one  of  two  10  hai«»* 
power  motors  used  in  driving  underground  ventilating  fans  for  local 
ventilation  underground. 

Electrically  driven  ventilating  fans  at  the  Mickley  Coal  Compatiy  a 
pits  at  Stocksfield-on-Tyne  have  recently  been  installed  ♦  The  motor^^ 
of  tiie  continuous  current  type,  are  coupled  direct  to  tbe  faiia,  and 
develop  about  300  horse- power  at  500  revolutions  per  minute.  § 

The  advantages  of  sniall  fans  for  mine  ventilation  are  advocated, 
and  it  is  held  that^  in  future,  numbers  of  small  inexpensive  fans  and 
engines  will  be  used  instead  of  large  engines  and  fans  whicli  reqaim 
special  arrangements.  With  the  greatly  improved  means  of  g^nera^ 
ing  electricity  at  collierieap  and  the  ease  with  which  the  current 
be  conveyed  to  different  parts  of  the  colliery,  It  is  reasonable  to  auppost 
that  small  fans  driven  in  this  way  will  be  fixed  wherever  required  m 
driven  by  means  of  steam  turbine-=,|t 

F,  Pospisil  ^  observes  that  the  air  pressure  produced  by  the  fans  nsrii 
in  ventilating  collieries  gradually  diminishes  during  the  pasa&ge  of  th# 

*  CftmtrM  Matfiijzine,  vol.  xxii.  pp,  394-408, 
t  £it/fin^trint^  ^evM^  vol.  iWiL  p.  512, 

*  Ibid,,  vol.  xlviji,  pp,  132-134, 
g  /itJti  and  €<rat  Tmdi4  Retiem,  vol,  Uv.  p.  976. 
If  Colli fr*f  Ohtaifiifin,  vol.  Ix^xiii,  p,  1324. 
If  OuterreicMnchf  ZtiUchriji  fUr  Beiv  ^'^  BUttmweHn,  voL   L  pp,   00-*H*  witb 

L  two  Uluvtn^tioDB, 
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Tht;  tendency  of  the  seams  to  make  dust  stands  in  a  cert&tn  rel^tlc^n 
U)  the  caking  character  of  the  coal.     It  is  greatest  in  tbo«e  seania 
where  the  coal  is  of  a  true  caking  ciraracterj  and  Jeast  in  th©  ca%«?  of 
the  seams  of  gas  and  long-flamed  gas  coals,  except  theae  cootaiti  coals 
that  will  cakt%    The  dust  from  the  cakitig  coals,  too,  is  of  a  far  more 
tlangorous  ciiaracter  than  the  other,  and  that  diist  has  taken  part  in 
any  large  gas  explosion  has  only  been  ascertained  to  be  true  in  the 
case  of  that  from  coals  which  will  cake.     In   1 862-63  the  quantity  of 
air  |>assed   through   twenty-seven   of  the  collieries  of  the  Hnhr  field 
averaged  77*7  cubic  feet  per  in  an  and  per  minuie  j  in  the  ease  of  forty* 
nine  collieries  in  the  years  1868-71  the  average  quantity  was  only  58*6 
feet.    Tl^ese  were  results  observed  by  official  commissions,  and  another, 
which  cuu tinned  its  labours  until  1900,  found  that  more  than  half  of 
the  collieries  inspected  during  the  years   1881-83  allowed  le^s  than 
70"G  cubic  feet  of  air  per  workman.     Official  regulations  made  in  1887 
and  18H8  required  that  this  sfmuld  be  the  mminium  quantity  per  malt, 
and  tiiat  for  each  horse  iive  times  as  much  should  be  alloweiL     New 
regulations,  which  came   into  force  at  the  com  men  cement  of  1902, 
require  the  ventilation  to  be  such  as  to  allow  at  least  106  cubic  feet 
l>er  man,  and  this  must  be  yet  further  increased  or  the  work  siop[ied 
when  over   1  per  cent,  of  hydrocarbons  is  observed «    Nearly  all  the 
collieries,  however,  considerably  exceed  these  minimum  qmintitiea,  the 
average  amount  in  llie  case  of  the  210  shaft  plants  m  1900  being  ITC  *> 
cubic  feet,     The  methods  of  ventilation  in  use  are  briefly  referred  to, 
and  with  regard  to  the  fans  in  use  it  is  stated  that  electricity  is  now 
often  UBed  as  a  motive  power  for  those  whitii  are  at  a  diiStance  from 
the  main   plant.      Of  the  older  kinds  of  fans   the   Capell   is   most 
frequently  emjdoyeth  102  of  this  type  being  in  use*     Of  more  modern 
forms  the  Kateau  is  most  commonly   met  with,   42  of  theae  beioj 
employed. 

Fire-Damp  Explosions.— L,  Aquillon  *  has  presented  to  the 
French  Commission  on  fircHlamp  a  report  on  the  explosion  which 
occurred  in  the  Universal  colliery  in  South  Wales  on  May  24,  1901, 
by  which  eighty-one  persons  lost  tiieir  lives.  The  official  report  of 
W.  Galloway  is  referred  to,  and  his  conclusions  are  criticised ♦ 

Stanislas  Meunierf  deals  with  colliery  explosions.  He  refers  in 
highly  complimentary  terms  to  the  anderground  photognpbs  takiA 
by  Arthur  8opw*ith  and  Herbert  W,  Hughes, 

t  IkifUe  Seimiifiqm,  vol,  xrli,  |ip.  577-^683. 
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condtietor  and  wick.    The  counactions  to  the  coil  are  lix^ed  in  a  Btatitl, 
nil  which  it  is  onlj  necessary  to  place  the  lamp  to  light  iL 

J,  Ash  worth  *  illustrates  several  forms  of  safety-lamps,  and  discums 
their  me  in  relation  to  colliery  explosions. 

In  the  course  of  some  comments  t  on  one  of  the  recent  escplosions,  i 
is  pointed  out  that  more  attention  should  be  given  to  the  safety  of 
miners'  lamps,  and  that  watering  dusty  mines  is  not  the  oolj  thing 
required  to  make  a  colliery  safe.  Several  iustauces  of  explosions 
caused  by  lamps  are  quoted. 

Leroyer  I  advocates  the  use  of  benzine  lamps  in  coal  mines.  He 
desGril)es  the  most  suitable  form  of  lamp  and  the  method  of  storing 
the  benzine. 

Heg  also  describes  the  benzine  safety -lamps  used  at  the  Li€vin 
colliery. 

An  account  is  published  by  Eossner  U  of  &  benzine  safety-lamp  which 
was  first  introduced  into  the  OaLrati-Karwio  district  in  1898.  It  was 
brought  out  by  the  firm  of  H,  Htibner^  of  Hermsdorf.  In  appearance,  it 
closely  resembles  the  Wolf  benjiine  lamp.  The  benzine  chamber,  how- 
ever, is  staTupt^d  out  in  a  single  piece,  ami  tliis  is  a  distinct  advantage, 
as  not  only  does  greater  lightness  result,  but  it  possesses  great  strength 
and  resistance  to  damage  caused  by  external  force.  The  lamp  is 
provided  with  a  patented  igniting  attachment.  At  the  Hohenegger 
shaft  in  the  Karwin  fields  since  1898,  400  of  these  lamps  have  been 
gradually  introduced,  and  recently  200  others  have  been  ordered  in 
addition,  tlie  results  they  have  given  In  practice  having  been  most 
satisfactory^ 

Fahndricli  fl  describes  the  various  types  of  safety-lamp  shown  at  the 
Dii?seldorf  Exhibition.  Illustrations  of  miners^  electric  lamps  are 
given,  and  of  machinery  for  the  cleaning  and  testing  of  safety-iamps. 


Acoidexits  in  Mines. — Some  notes  are  published  by  A.  Halleux  ♦* 

upon  the  accidentii  due  to  the  use  of  electricity  in  Frussian  mines,  their 
eanses,  and  the  precautions  to  be  observed  for  their  avoidance. 

The  third  instalment  of  the  report  of  the  Prussian  Commission  on 

•  J^arwtl  of  the  CauiJidian  Mimng  IntUt^ik^  vol,  *.  pp.  .ST9^3^ 
t  Enf^(fi€rt\  vol,  Jteiij.  pp,  50*>-507. 

t  Buiktin  d^  hi  &i<riit^  d4  i'ind^^irit  Min^rnfe,  vol.  i,  «*rifi8  4.  pp.  779-816. 
§  Ccmptfi  Eetidus  de  la  S&fMi  de  I'ladu^tnt  MiTUrntr.  I902t  f^  llM. 
H  Otxttrrekhi^Ghf  ^eitischrift  /iir  li^f^-  und  BiUta*writn,  voL  L  jip,  2SG->2Sr7i  »<tt 
foiir  iUtiiimtiuius. 
TI  GlU^btuf,  vol-  upt^viii,  pp.  717'734,  with  two  pktei, 
•*  Aanalea  ct<?#  J/*«f*  de  Btfffique^  vol.  tii.  pp.  306-311- 
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18  assigned  to  Philip  Lebon  (whose  patent  U  dated  September  2^^ 
1799),  and  in  England  to  William  Murdoclij  who  applied  gaa  lighting 

at  Boulton  &  Welti's  foundry  in  17H8,* 

Mine  Surveying*-- D.  D,  Sci>ttt  has  given  a  most  aoeurati^  and 

impnniiU  history  of  the  development  of  mine  surrey ing.  Its  vdue  la 
enhanced  by  copious  references  made  with  studious  care,  and  witb 
numerous  illustrations  of  early  and  recent  forms  of  instruroente  of  all 
kinds, 

G.  R,  Tliompsou  J  deeoribes  the  methods  of  connecting  trndergrouud 
aud  surface  surveys  by  the  magnetic  needle,  transit  theodolite?,  and 
transit  instnimentfi,  plumb  lines  in  one  and  two  shafts,  and  by  iuclinef;. 

T.  H.  B.  Wayne  §  describes  a  method  of  connecting  nndergronnd 
and  surface  surveys.  A  collapsible  triangular  frame  is  Btfced  with  \eve\$ 
and  legs,  so  that  it  can  be  supported  horizontally,  A  telescope  and 
vernier  are  placed  at  the  apex,  and  the  two  tegs  are  recessed  at  their 
ends  to  fit  loosely  rountl  the  two  plumb  lines.  If  the  telescopts  h 
clamped  to  a  eight  at  one  level,  the  frame  may  \m  transferred  to 
another  level  where  tha  telescope  will  give  the  same  direction. 

Several  new  types  of  hand-surveying  instru merits,  consisting  of 
adaptations  of  Sir  Howard  GrubVs  gun  sight,  are  illustrateii||  They 
include  inclinometers,  hand  levels^  and  pHsmatie  compasses, 

H,  W.  Dubois  11  describes  the  use  of  ordinary  cameras  in  accurate 
photographic  surveying,  and  calls  attention  to  the  metlmd  of  trianguW 
tinn  which  can  be  carried  out  in  mountainous  regions  with  a  good 
camera.  A,  0,  Wheeler  **  gives  some  notes  on  the  field  work  of  photo- 
graphic surveying  as  applied  in  Canada.  A  number  of  the  photographs 
are  reproduced  to  show  the  metliods  of  plotting  from  them,  and  the 
details  of  the  work  are  described  generally, 

F.  W.  McNair  ft  diacusseji  the  divergence  observed  in  the  plumb 
lines  at  the  Tamarack  mine,  and  as  the  results  of  ex|i6rimeiits  ascribes 
the  phenomena  to  the  effect  of  air  currentf^. 


•  Jfewiti^a  Min^raH^,  vol  xvi'u  pp,  185-136. 
t  Trttfutv^tUiftM  of  tht  InntitiUi&if^  of  MiniiiQ  Kttffinefrt,  voL  x»iU,  pp.  575-02}^ 

*  Ibid,t  Toi  xjdi.  pp.  51^536, 
§  Mtnin^  J&uraaf,  vol  ln^iL  p.  911. 
II  Enffinetrmff^  vol.  Lstiiv.  pp,  ^-M, 
If  TranModimtg  of  M«  American  InititvU  of  Mining  Eni/dteer*,  Philfcdelpkifc 

my  190S, 

**  Tran4»ictwtte  of  tiir  Iftfiitiition  of  Mini n(;  E^unnttn^  vol,  %.tlu  pi*,  ME~%S&, 
ft  Ekeiriml  W<^i4£,  voL  jxx^iju  pp,  721-733 ;  Etitjint^rim^  anil  Mining  Jimrt^ 

Ujuh  1*.  am 
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the  lower  end  and  dirt  at  the  top.     The  washed  coal  is  led  into 

circular  tanksj  from  which  water  h  led  by  a  square  trunk  witli  gaate 
L>n  cue  side.  The  coal  and  the  gauze  filter  the  witter^  which  [jAsses 
away  clean.  An  axpertmi^ntal  plant  at  Coanwood,  Northumberljind, 
reduced  the  dirt  from  25  to  6  per  cent,,  and  from  11  to  5  per  cenU  in 
another  sample.  Two  other  plants  ara  at  work,  and  one  is  building. 
Each  table  treats  40  to  70  tons  in  ten  hours. 

The  Carapb<fH  coal  wa^^her,  wiiicli  is  also  of  the  shaking  or  bumjiing 
table  type,  is  fl escribed  by  C.  XL  Claghorn,*  The  table  or  box,  9  or  10 
feet  long  and  30  inches  wide,  Is  hung  at  ii  slight  irtclination  by  Its  comers, 
an<l  has  a  stroke  of  6  to  8  inchesp  Coal  and  water  are  fed  to  the  cenirts 
of  the  table ;  the  dirt  is  di^^charged  at  the  top  and  washed  coal  at  th«* 
lower  end.  The  capacity  of  each  tahW  is  5  to  7  tons  of  washed  coni 
per  hour,  at  an  t^xpeuditure  of  about  h  hurse-power.  The  sizing  of  the 
raw  coal  is  of  consaiderable  importance.  In  one  test  with  1500  tuus  of 
Vinton  coal,  93*9  per  cent,  of  waaheil  coal  and  61  per  cent,  of  dirt 
were  obtained, 

A  plan  is  given  of  the  coal  screening  and  washing  plant  at  Mosside 
pit,  Bathgate,  Linlithgowshire,  to  show  th«  arrangement  of  jigging 
screens  and  belts, t 

The  washing  appliances  at  the  Mosside  colliery  are  also  tlJustrated.l 
The  coal  is  made  into  four  sizes  and  washed  in  felspar  hashes. 

K  Lef^vreg  gives  a  detailed  description,  with  illustrations,  of  the 
new  coal-wiishiiig  plant  installed  at  the  Azincourt  mines* 

The  exhibits  connected  with  coal  washing  and  briquette  manufacture 
at  the  Diisseldorf  Exhibition  are  described  by  Weudt|| 

The  Preparation  of  Aathracite.— Illuatrations  are  given  by  G. 

L.  Carlisle  11  of  tlie  new  breaker  erected  at  Natiticoke,  PennsyhatUA* , 
The  huihling  is  165  feet  in  height  to  the  top  of  the  hoisting  tower,  atiid 
only  60  feet  wide  in  the  widest  part.  It  is  largely  built  of  cast  iron, 
wrought  iron,  and  steel,  and  is  inteuded  to  treat  500  to  700  tons 
daily*  All  the  machinery  is  driven  by  separate  electromotors  iti&tiiad 
of  belting.      The  slate  and  coal  are  separated  in  spiral  pickers,  of 

•  Troiiwi^irVm*  of  the  ItuiiiutiOH  o/  J/iniv^  J^tfMtfri*  vol.  ^mL  i»|i*  ia&-l4&,  with 

t  Cf*lli€rf/  Guat^tiafi,  Vol.  liiim  pp.  393-395. 

%  ilfid.,  pp.  5(^5-500. 

§  Eehft  drt  Mine*^  ¥ol.  xiji.  pp.  778-781- 

II  Giiit'kmift  v<j1,  imviii,  pp.  &6!-679, 

%  Mintv  and  MineftiUt  toL  xxiii  pp.  BO-84« 
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the  coal  more  ll&ble  to  chemical  cliange,  a&d  the  loss  in  the  odctifie 
v&lue  has  been  placed  as  high  as  10  per  cent.  The  mechaDical  bfiti* 
^noeB  are  uo  doubt  more  delt*tmous,  and  Btelkens  gives  many  par* 
ticulara  of  the  percentage  of  breakage  in  different  kinds  of  WestphAhnii  I 
coal  under  varied  (Conditions*  Coke  suB'ers  aUo,  but  to  a  less  extent 
mechanically,  but  storage  is  decidedly  injurious.  The  various  meauft 
of  handling  coal  also  receive  some  attention^  ■ 

J.  Macaiilay  *  states  that  the  coal  which  falls  into  the  docks  at  New- 
port  is  dredged  up  periodically^  and  is  not  found  to  have  suffered  much 
loss  in  caloriflc  value.  Some  tests  made  on  samples  immersed  in  sea 
water  for  two  months  showed  that  there  was  only  a  loss  of  0*8  per 
cent,  in  value*  It  is  therefore  suggested  that  coal  for  naval  purpose! 
shouhl  be  stored  under  sea  water  in  special  tanks  in  order  to  avaid  the 
loss  witich  follows  on  exposure  to  the  air.  An  mvestigation  has  been 
ordered* 

Briquettes. — W.  G*  Irwijj  t  describes  the  fuel  briquetting  industry 

in  the  United  States,  and  ascribes  its  comparative  failure  to  the  largie 
supplies  of  natural  fuel  available  in  tlie  country.  The  waste  in  the 
early  years  in  the  anthracite  districts  has  now  l>een  greatly  reduced, 
partly  by  improved  methods  of  mining  and  partly  by  the  better  uulisa^ 
tiou  of  small  sizes;  but  still  there  are  vast  qnantitaes  available  for 
briquetting.  Many  plants  have  been  starteil^  and  of  these  a  short 
account  is  given.  Fitch  has  generally  been  used  as  a  biDding  material, 
but  is  objectionable  on  account  of  the  smoke  from  it,  and  its  cost  has 
varied  so  greatly*  In  more  rec^^nt  practice  many  endeavours  have 
been  made  to  use  some  vegetable  binding  agent  with  more  or  le«f 
success,  and  many  of  the  existing  plants  are  making  eggettea  Im- 
proved methods  of  wasliing  and  preparation  have  also  contributed  to 
the  success  of  this  kind  of  fuel. 

Steger  I  discusses  the  value  of  the  several  materiala  employed  as 
binding  agents  in  the  manufacture  of  briquette  fuel. 

Bonx  g  discusses  the  employment  of  petroleum  in  the  manufactuic 
of  coal  briquet  tea 

C*   Kegel  II    1 1  escribes   the   preparation   of  brown   coal   briquettaa. 

•  The  Timtt,  September  I.  1902;  O/lt^r^/  Quartlmnt  vol  Ixiuv.  |»p»  511,  ^^ 
f  Iron  Ag€,  Junt  19.  1902,  pji,  10-22. 

pp.  311-320. 

$  Chfmik fp  und  TtthniJI(ef  Zeiitiriif^  vol,  %t.  Nil.  1, 
U  <mck^^f^  vd.  xuvitl.  pp,  645-647. 
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I,— BLAST-FURNAOE  PRACTICE, 
Design  and  Equipment  of  BlastTomaces.— A  series  of  articles 

on  the  designing  and  equipment  of  blast-furnaces  by  J.  L.  Stevenson  * 
is  now  being  published.  The  first  deals  with  the  hot-blast  stovep,  and 
especial  attention  is  directed  to  the  necessity  for  a  large  heating  sur- 
face. The  size  of  the  stoves  should  be  uniform,  and  four  stoves  are  pre- 
ferred to  two  or  three  of  larger  diameter.  Two  tables  are  given  for  full 
chequered  stoves  and  Whitwell  stoves,  showing  height,  diameter,  heat- 
ing surface,  duty  capacity  per  stove,  and  size  of  chequer  work,  and 
illustrations  are  appended  of  several  formp.  An  output  of  400  tons 
per  day  would  require  not  less  than  180,000  square  feet  of  heating 
surface  divided  amongst  four  stoves.  Kegularity  in  the  blast  tem- 
perature is  essential,  and  to  obtain  it  use  may  be  made  of  the  Harrison- 
Gjers  equaliser  or  of  a  thermostatic  appliance  which  controls  the 
opening  of  a  valve  in  the  supplementary  cold-blast  supply  pipe.  This 
appliance  is  also  illustrated. 

J.  M.  Hartraan  t  gives  some  brief  notes,  partly  historical,  on  the 
construction  of  blast-furnaces,  and  gives  five  figures  to  show  the 
method  of  building  and  supporting  the  body  of  the  furnace  in  1854, 
1861,  1878,  and  1885.  The  lining  itself  and  the  backing  for  it 
receive  attention. 

B.  D.  Healey  %  gives  some  notes  on  blast-furnace  practice,  and  com- 

•  Engineer,  vol.  xciv.  p.  248. 

t  Iron  Trade  Review,  May  8,  1902,  p.  42. 

X  Paper  read. before  the  Society  of  Engineen,  BSay  1902. 
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ibe  choice  of  a  site  for  Ironworks,  and  ttieu  paisea  od  to  &  comparison 
of  Brltisb  aivl  American  progresi*  The  coat  of  transport  in  liie  two 
countries  h  considtfreU,  with  the  result  that  the  Briti&h  manufacturer 
is  shown  to  be  labouring  nnder  &  great  disadvantage  in  bhU  reapeet,  I 
the  cost  of  transport  in  Great  Britiuri  being  al:?out  four  time^  ^eater 
timn  in  America,  A  r«view  of  tl^e  }jr  ogress  of  foreign  iron -producing 
countries  ib  then  given,  and  the  remarkable  backwardness  of  British  fl 
colonies  in  this  industry  is  commented  on,  it  beiog  poiuteil  out  that 
Canada  is  at  present  almost  tlte  only  colony  in  which  iron  mmuttfaeture 
is  carried  on  to  any  extent,  though  attempts  have  been,  and  are  being, 
made  to  establish  blast- furnaces  in  other  colon ies,  some  of  which 
posses B  particularly  rich  deposits  of  iron  ore  of  a  good  class .  Aft*r 
briefly  considering  the  question  of  fuel  for  the  blast-furnace,  some 
remarks  are  made  ou  the  choice  of  position  for  the  biiist-furnace,  and 
tb«  class  of  ore  which  can  be  most  economically  em|iloyeil  is  discussed. 

The  Valuation  of  Iron  Ores  for  Blast-Furnace  Charges*— 

C,  Ktjsambert*  discusses  the  question  o\  the  valuation  oi  iron  ores, 
and,  referring  particularly  to  the  paper  on  this  subject  by  P.  List,  t 
observes  that  he  does  not  consider  the  formula  proposed  by  the  lait<?r 
to  be  altogether  accurate.  Where  more  limestone  is  required  more 
fuel  must  also  be  useilj  and  of  this  the  formula  takeit  no  con  side  ration « 
In  calculating  tite  relative  values  of  two  ores  this  may  lead  to  very  con- 
fiiderable  error.  To  prove  this  the  author  takes  the  case  of  two  01^ 
containing : — 


SlHe«    ,         .         .  .         . 

AltmHiift        .         .         ,         .         .         . 

tftitutstiti,  hc^     .         .        4         .        f 
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The  ore  A  would  need  per  ton  about  0'3  tun  of  good  Itmei&one, 
while  ore  B  would  be  seir-flux:ing^  the  ash  in  the  coke  not  being  lakeii 
into  consideration*  It  is  therefore  evident  that^  under  otberwiae  aiiajlar 
conditions^  tlie  consumption  of  fuel  in  the  treatment  in  the  blaaUforiiM 

*  Skihi  uiid  Eueti,  ToL  KiiL  pp.  o0&-506, 

t  J&umid  oftheirm  and  S^H  luMtiiuU,  1&02«  Ko,  t  p.  530. 
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of  thfi  iron  jirodaced  from  the  ore.  The  various  constitiieiita  of  no  or*« 
either  increase  or  diminish  its  value,  aud»  io  the  latter  case,  lca<l 
IQ  limitatiotis  in  its  use.  Thus,  an  ore  containing  0  2  per  <%nL  of 
liho&phorns  can  only  be  used  at  the  most  to  the  extent  of  10  to  15  per 
cent,  in  the  production  of  pig  iron  containing  O'l  per  cent*  of  phos- 
phorus. A  few  tenths  per  cent,  of  manganese  may  he  of  the  utnio&t 
importance  in  cotmection  for  converter  purposes,  an<i  yet  the  ^me 
general  market  name  would  he  used  for  this  as  well  as  other  kuidt. 
The  same  holds  true  in  the  case  of  the  phosphorus. 

Dealing  in  detail  with  the  cost  of  the  ton  of  pi^^  irou^  the  author 
in  the  first  instauce  conaidera  the  coat  of  the  ore,  and  shows  in  tfthular 
form  the  quantities  of  ore,  varying  from  20  per  ceuL  of  iron  to  68  i)er 
cent,,  that  are  required  for  the  ton  of  pig  iron  containing  from  91  to 
9 It  per  cent,  of  iron ;  the  lo«s  of  iron  in  the  form  of  dudt  aatt  in  the 
slag  being  a^lso  shown.  The  dust  amounts  to  about  5  to  20  grammes 
per  cubic  metre  of  blast-furnace  gas,  and  its  iron  ecu  tents  from 
12  to  45  per  cent*  A  table  showing  the  loss  of  iron  in  the  form 
of  dust  for  different  quantities  of  dust  and  iron  contents  is  also 
given,  together  with  the  percentage  loss  on  the  iron  contents  of  the 
ore.  The  loss  in  the  form  of  slag  is,  as  a  ruie,  more  or  less  couuter- 
baJanced  by  the  iron  contents  of  the  asli  of  the  coke. 

The  other  subdivisiotis  of  cost  of  production  are  simiJarly  dealt  withj 
and  a  luimber  of  useful  tables  are  also  given^  most  of  which,  however, 
are  also  published  in  Siukiea^s  Ingeniettr  Kalender* 

The  author  takes  a  series  of  typical  examples,  and  draws  up  a 
thermal  balance-she^t  for  them,  dealing  with  this  subject  in  consider- 
able detail^  basing  his  calculations,  among  others,  on  tho  following 
data : — 

To  reduce  Tlierma]  Units 

1  KUoifriimine,  requireiL 

F«   from  Fe^Oj  ........     17% 

Fe      ,,      FeO  ,......*     1352 

Mu     ,,      MttA  ^        .        -        .        >        ^        «        *    SS?S 

Md   ,,    uao     .......   aooo 

3i       ,,      SiOa        .        , 7^30 

P        „      i'aOa        ........     676a 

The  thermal  units  rt; quired  to  iuse  1  kilogramme  of  alag  are  from 
400  to  500 ;  to  fuse  1  kilogramme  of  pig  iron,  250  to  350  ;  to  f3tpel 
1  kilogramme  of  carbon  dioxide,  943 ;  to  expel  1  kilogramme  of  water 
of  hydration,  721  ;  and  to  drive  off  1  kilogramme  of  moisture,  63^* 

The  following  is  one  of  the  examples  of  the  ealcuUtiona  given  by 
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correaponditig  to  111  kilogrammes  of  coke*  This  quaatiLj  would 
suiTicis  witli  gooii  stniiig  coke  and  Jum[i  ore*  As  a  rule,  how^ever,  aii 
additional  5  per  cent,,  of  coke  would  be  needed,  and  tKia  addjtion 
would  always  be  necesiary  if  pig  iron  containing  3  per  eetitw  of  ^ilioon 
is  to  ha  continuously  proiioced. 

Stock  Indicator  for  Blast-Furnaces*— A  more  careful  wjitch. 

Neuiuark  *  obaei  vea,  lias  Jio^v  Lu  lie  ke^'t  over  i>ki3t*fiiniace  proceas**s 
generally,  in  view  of  tbe  constantly  increasing  requirements  of  modern 
practice.  Large  production^  saving  in  fuel,  and  a  thorough  titilisation 
of  tlie  blast-luruace  gases,  can  only  be  attained  by  cari^fully  watching 
the  furnace  charges,  not  only  as  regards  the  quality  of  tbe  matenalfi^ 
but  also  as  to  bow  and  when  these  are  charged,  and  bow  quickly  the 
furnace  throat  is  open  and  closed  again.  Every  purely  personal  coh- 
trel  is,  however,  faulty,  and  the  author  now  describes  an  apparatus  the 
use  of  whic)i  admits  of  a  perfect  controh  Personal  supervision  ia  no 
longer  necessary  at  all,  as  the  apparatus  can  be  put  up  in  the  worlia' 
ofiice  and  cannot  be  tampered  with,  while  it  gives  a  complete  record  of 
what  is  itappeuiug  at  the  throat  of  the  furnace.  As  a  rule,  the  author 
observes,  it  is  desired  to  know  :  (1)  How  many  charges  have  been 
made,  (2)  At  what  times  were  they  charged,  and  (3)  How 
many  seconds  was  the  furnace  throat  open  at  eacb  charging.  The 
second  ap[)ears  to  be  more  important  in  regulating  the  worktTi^  of  the 
furnace,  as  it  \b  most  important  that  this  charging  should  be  done 
with  regularity  aixi  not  spasmodically.  The  author  has  <ie vised  an 
ai>paratua  in  wliich  a  pencil  is  made  to  give  a  record  on  a  rotating 
drum,  both  being  moved  by  clockwork  apparatua^  The  drum  remalua 
at  rest  as  long  as  tiie  furnace  remains  closed,  but  begins  to  rotate  m 
soon  as  the  furnace  ia  opened,  an  electric  contact  being  then  made, 
which  sets  free  a  brake  on  the  drum.  The  drum  continues  to  rcit^ite 
until,  the  furnace  being  closed,  the  current  is  broken,  and  the  brake 
comes  into  action  again*  A  diagratu  is  sliown  which  resulted  from 
actual  practice.  This  is  remarkably  clear,  and  it  shows  that  the  coke 
took  far  less  time  to  charge  than  the  ore,  each  coke  charge  seldam 
requiring  the  furnace  to  he  open  for  more  than  15  ^econda.  In  ihe 
case  of  some  of  the  ore  cliarge^,  tiie  furnace  was  left  opeu  unusually 
long,  the  third  in  tbe  night  shifl  having  taken  up  63  seconds,  and  thr 
sixth  in  the  day  shift  50  secomis.  Durbg  the  24  hours  the  bell  ws* 
open  for  25  minutes  in  all,  each  charge  necessitating  on  the  iiveragtf 
26  "8  secondsw     The  bell  waa  raised  by  steam  powen 

•  Stahl  und  Sitfn,  vol,  tiii.  pp.  816-8)7,  wUh  two  lUnstralbbA, 
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a  double  tak*^-off  m  also  projecteil.  This  will  consist  «f  ft  Lange  bt*ll 
with  a  cover. 

Motive  Power  from  Blast-Purnace  Oases.— The  utilisjiuan  of 

blasL-iurnace  ^^ime^  Lo  liriv^t^  i^^as-e lignites  for  ihe  produGtion  of  power  h 
dt^alt  with  in  a  paper  )jy  Bryan  Doukiu,^  The  subjects  couatderrd 
include  the  com|iositiou  of  blast-ftiinace  gasi?p,  tlie  utilisation  of  blaat- 
fartjace  gases,  the  disadvantages  of  blast-furnace  gases,  large  ga6- 
enginea,  history  of  the  utilisation  of  blasUfurnace  gases  in  gaB^engines, 
eiiJgle  cylinder  and  multiple  cylinder  engines,  and  the  Oecht^lhauser 
gas-engine, 

H«  A.  Htinuphrey  f  reviews  recent  progress  in  the  manufacture  and 
use  of  large  gas-eiigines,  and  describes  more  or  less  in  detail  Uje 
diflfi-rent  types  of  the  several  makers.  A  list  of  gas-eiigines  over 
200  horse-power,  delivered  or  in  band,  shows  2S8  with  au  aggregate  of 
08,955  liorse- power  for  driving  dynamos,  and  89  with  an  aggregate  of 
82j650  horse-power  for  other  purposes.  More  than  50  are  given  m 
rated  at  1000  horse-power  or  above,  and  two  American  enginaa  are 
stated  to  be  ol  4000  horse-power  each,  A  number  of  illustrations  are 
given,  and  a  large  amount  of  information  as  to  the  types  and  their 
makers. 

Great  progress  has  been  made  in  the  construction  of  gas-engines  for 
the  utilisation  of  blast-furnace  gases4  The  dilHcuUies  at  first  met 
with  were  due  rather  to  an  inadequate  purification  of  tlie  blasL-funiace 
gaaes  tlian  to  faults  in  the  gas-engines  employed.  Now,  however, 
that  it  has  been  found  |masible  to  clean  tlie  gases  in  a  simple  and 
rational  manner,  the  difficulties  at  first  experieuced  no  longer  exist, 
and  the  gas-engines  working  with  b!as1>furnace  gas  run  smoothly  and 
keep  at  work  uninterruptedly  for  months  at  a  time.  Their  consump* 
tion  of  gas,  too,  is  low ;  and,  commercially,  the  use  of  the  gas  in  tills 
way  \\ns  [troved  most  successful,  a  considemble  saving  being  effected 
when  coUipared  with  the  boilers  and  steam -engine  phintt  previously 
employed.  It  is  probably  only  a  matter  of  time  before  all  these  will 
have  disappeared  in  the  iron  lutlustry.  Which  exactly  is  the  beat  of 
all  the  various  types  of  engines  for  blasUfurnace  gas  is  not  yet  certain, 
as  some  of  these  liave  only  been  in  operation  practically  for  &relativ«ty 
short  time.     The  older  and  si  niftier  form  seems,  however,  so  far  to  be 

*  Mm%iie$  0/  Freccfdintft  of  ike  fn^lituliim  i^f  Civil  Enffinetr*,  v^L  oxiriii  pp,  l-^, 
t  FAp«r  TvAfi  before}  the  British  AHN^^ciatkm ;  Ea^in^nnffi  vuU  Ixxiv.  p^  Zl^^^, 
42(5-127,  45»M60,  020-023 ;  Naturr^  vol.  Ixvi.  p.  Uia 
%  S^hl  und  £hen,  vaL  xip.  fit.  420-424,  with  c^igbt  illa«lmti«la»* 
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its  original  w*irk,  imd  wa.s  found  to  have  been  strongly  encrustet!. 
After  being  cleaned  it  wm  ked  figain  as  well  as  it  did  at  first.  If  tins 
gas  is  tinder  pressure  mucli  poorer  results  are  obtained.  The  inrentor  ■ 
of  tbe  apparatus,  in  dealing  with  these  rii'sultg,  points  out  that  the 
reason  wlty  the  a|iparatuB  did  less  and  less  work  after  being  in  opera 
tion  some  time  was  due  to  tlte  choking  up  of  the  gos  inlet^  and  wm 
not  dtie  to  any  fault  of  tlje  apparatus  itself.  He  adds  that  this 
washes  itself  clean  if  an  adequate  quantitjr  of  clean  water  is  paasad 
through  it.  The  apparatus  in  this  case  needed  more  power  than  had 
been  anticipated,  but,  on  the  other  hand,  it  washed  the  gas  cleaner 
than  it  had  been  guaranteed  to  do. 

F,  W,  Liirnmnn*  *ibf*ervt^s  that,  apart  from  the  works  at  Horde  and 
at  Differdingen   in  Luxemburg,  there  is  probably  scarcely  any  other 
whicli  has  bo  fully  developed  the  utilisation  of  blast-fumaee  gases  as 
the  Ilsede  works.     This  works  has  always  utilised   the   waste   beat 
from  coke  ovens  for  evaporating   3*1    lbs,   of  water  per  square  foot 
per  hour,  the  total  boiler  lieatfng  surface  being  15,608  square  feet^ 
In   addition    the    works   had   excellent   arrangements   for  the  better 
combustion    of   bhist- furnace   gases   uniler   boilers,    and   of  late    im- 
provement®   have   been   made   in    the   construction   of  the  boublast 
stoves,  by  which  a  considerable  saving  hm  been  effected  in  the  quan< 
tity   of  gas   whicii    these   require.     Before    the   direct   utilisatioEi   of 
blast-furnace  gases  in  large  gas-engines  was  employed  in  Germany, 
the  Ilsede  works  in  1899  laiil  down  fourteen  large  boilers  to  utiUse 
such  gas,  auii  these  supplied  steam  to  live  steam-engines  of  a  total 
power  of  1820  horse^power.     These  are  used  to  drive  large  dynamos, 
which    together   yield    1200   kilowatts   at   a   pressure   of  500   irolts. 
Fur   lighting   purposes   the  works   use   90   kilowatts,   and  for  other 
purposes  GO  kilowsitts.     The  remainder  is  transformed  into  a  current 
of    lOjOOO    volts.      Of  this   100   kilowatts   is   sent  to    the   iron   ore 
mines  at  GrOi^s-BiilteUj  2 '2   miles  away,  where  it  is  used   for  light* 
ing    purposes,    for    an    nndergrounVl    Kiedler    expre&a    pump,   for   a 
mine  engine,  six  rock  drills,  rope- way,    repairing  shops,  &c.      The 
remaining   050    kilowatts   is  sent  to  the  Peine   rolling   mills,  which 
are  about  4  miles  distant,  where  it  is  used  for  power  ami  for  lighting. 
At  the  same  time  tluit  tliis  central  electric  power  station  waa  erected, 
eicperimenta  were  commenced  with  a  CO  horse-power  Deut2  ga#-ei]giii<\ 
using  bliist- furnace  gas.    The  results  were  so  satisfactory  that  a  blow* 
ing  engine,  driven  by  an  Oechelhauser  gas-engine,  was  put  into  optni* 
*  Slahl  und  Mi$m^rt}t  xnit  pp.  896-901*  with  one  illuiirtitioa. 
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gether,  and  the  top  is  tied  by  lO-incli  I-beame,  The  bottom  ii 
stlff€iQ€cl  by  12'incli  I-beama,  The  bottom  of  the  tank  is  circular, 
and  runs  on  rollers.  The  roof  ig  arched  in  both  directions,  and  is 
lined  with  lUnch  brickwork,  18  inches  of  brickwork  being  used  in 
the  bottoro.  The  mixer  has  a  wide  mouth,  through  which  all  slag 
can  readily  be  remove iL     Oil  burners  are  used  for  heating. 

The  judgment  of  the  Supreme  Court  of  the  United  States  has 
appeared  *  in  the  case  of  the  Carnegitj  Steel  Company  (Limited)  t^ersm. 
the  Cambria  Iron  Company,  for  infrirTgement  of  the  Jones  tmixer^ 
patent.  It  was  held  by  the  majority  of  the  Court  that  the  patent 
was  validj  and  that  there  had  been  iiifntigeiDetit*  A  dissenting 
opinion  hy  four  of  the  judges  directly  traversfs  this  judgment,  how 
ever.  Th*^  history  of  the  process  and  the  alleged  anticipations 
given  Tn  full  in  both  instanced. 


na  iil 


Slag  and  Metal   Ladles,— In  a  recently  published  account  t  ol 

various  types  of  slag  and  metal  ladles,  ilhistTations  are  given  of  the 
followi^^g  forms;  Self- tipping  slag  bogies  at  the  BatTow  works; 
Stevenson  &  Evan's  slag  ladle;  Dewhnrst's  ladles,  early  type  aod 
tipping  type  and  side-tipping  type;  the  Junkerath  aUg  ladh* ;  IG-toti 
Tread  well  slag  ladle  ;  Weimer  siag  ladle  ;  Hartmann  ladle  ;  Sievenson 
ladles  of  various  sizes  for  metal ;  Neeland  ladle ;  Cresson  ladle  ;  Unnt 
ladle;  Barrow  side-tipping  ladle;  and  Jtmes&  Laughlin's  metal  ladle. 

Illustrations  are  given  I  of  a  slag  ladle  mounted  ©n  a  truck,  and 
designed  to  carry  16  tons  or  200  cubic  feet  of  slag.  The  ladle  is 
mounted  on  trunnions  set  fore  and  aft,  carried  by  two  bogies,  whioh 
are  connected  by  a  heavy  underframe  under  the  ladle*  Pinions  art 
raourited  on  the  trunnionSj  and  roH  on  racks,  so  thai  the  ladle  19 
shifted  laterally  as  it  tilts,  and  thus  ilischarges  the  slag  clear  of  thi 
frame.  The  tilling  is  done  by  a  single  man  in  two  minuter  by  tntanfl 
of  worm  gearing.  Five  of  these  ladles^  each  of  which  weighs  30  tonit 
are  in  use. 

Illustrations  are  also  given  §  of  a  6-ton  slag  ladle  with  similar  n>lliag 
trunnions, 

C.   Maehaceklj  refers   to   the  extent   to   which   electricity  ia  now 

•  OP<'itti  fift^Htfi  of  tke  Uniied  Stalin  Faleni  O^ve,  Tnl.  xcii.  pp,  Ia6fi-l87<l  m. 
t  iron  ami  Coal  Trader  Merkte.  voLlxT.  VP-  849-S62.  913-D10. 
X  Kngintt^itiff  A^cwSj  viy\.  slvii.  pp*  414-445  ;  Inm  Aftc^  AiLguil  14, 1SI03»  pf*.  H-lfli 
g  IfVn  Ayt,  Julv  ,1.  IIHK,  pp.  1-2, 

II  OeH^rrehhitehe  ZeiUchri/t  fur  Berg-  und  Hitttenviestn,  voU  1*  pp*  13§~144,  9i%k 
two  plalflL 
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Bosnia.*  The  mineral  riches  of  Bosnia  and  Herzegovina  were  knowit 
in  prehistoric  time^,  but  it  is  otily  since  these  CQUutries  came  under 
Austrian  rule  in  1876  that  niiniug  has  be^^n  folio  wed  on  any  important 
acale.  Before  that  time  the  iron  industry  was  carried  an  in  &  mm% 
primitive  way,  an  illustration  being  given  of  the  form  of  furnace  and 
bellows  blowing  engine  then  in  uae.  For  1  ton  of  iron  tnade^  froi 
3  to  5  tons  of  charcoal  was  employed. 

Iron  ore  is  found  at  Vares  in  the  Trias*  The  beds  reach  1 1 0  jsrdi 
and  more  in  thicknegs,  and  have  been  ohaerved  along  their  strike  for  a 
distance  of  over  3  miles.  So  far  they  have  been  won  solely  open- 
cast^ and  in  these  workings  the  ore  reserves  amount  to  10,000,000 
tons.  Larger  quantities  coidd  be  obtaiued  by  deep  miniDg,  At  iha 
deposit  at  Smreka  130,000  tons  of  ore  was  mine<l,  of  which  80^000 
tons  was  smelted  at  the  Yares  works.  The  ores  met  with  m 
various  kinds,  the  best  being  the  red  hamutttes  of  Prnei,  wbteU  contaio 
60  per  cent,  of  iron  and  some  manganese.  The  following  two  an&ly 
are  given  of  this  ore,  as  well  as  others  of  the  other  kinds  of  ora 
met  witii : — 
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No.  I,  is  stated  to  be  a  red,  and  No-  IL  a  blue  hematite,  bo^  from 
Przici;  No.  IIL  a  limonite,  from  Bresik ;  and  No,  IV*  a  siderit^t  from 
Droskovich, 

The  new  charcoal  blast-furnace  at  Vares  came  into  opemtiou  in 
January  1900.  For  the  first  month  foundry  iron  was  made,  and 
then  for  the  next  six  months  from  75  to  80  tons  of  white  pig  iron 
was  made  dailyi  the  ores  smelted  yielding  52  to  53  per  cent^  of 
iron.  In  1901  greater  stove  facilities  enabled  a  blast  tempermtum  of 
850"  0.  to  b€  attained,  with  the  result  that  the  output  increasod 
00  considerably  that  in  May  1901  the  average  dally  output  was 
*  Btahl  unci  £itent_^Ql  xxii.  yp,  4£NMil2,  with  fcfiu-  iUiulr&tio&A, 
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The  Skiimiiigrove  Blast  Furnaces,— An  illastmte^i  aocooat  of 

the  workA  of  the  Skin iiin grove  Iron  Co>  has  recently  appeared-*  The 
coke  U  brought  30  or  40  miks  from  the  Durhaen  fi(fld,  limestont? 
rrom  Pickering  in  Yorkshire,  and  ore  froni  the  OleTeland  diatrict,  in 
the  centra  of  which  the  furnaces  are  situated^  The  ore  is  hand-picked 
at  the  mine  on  a  belt  160  feet  in  length  and  6  feet  broad,  tra¥elliug  at 
60  feet  per  mitinte^  and  h  calcined  In  kilns  before  use.  The  fomace 
pUiit  con»kt«  of  flv^e  ftirniices,  one  being  kept  in  reserve.  One  of  these 
waa  built  in  I  DO  1,  with  eight  inatead  of  six  tuyeres,  to  producr  800  tons 
we*'kly*  Th*^  blaut  pressure  is  kt*|it  low,  at  S  to  7  lbs,  per  aqnare  inch. 
There  are  two  lifts,  one  to  each  pair  of  furnaces,  and  ten  calcining 
kili)B>  The  new  kilns  have  been  built  and  the  old  ones  raiiad  to  a 
higher  level,  so  that  the  barrows  run  by  their  own  weight  to  the  h'fts. 
Limestone  is  rotxed  with  the  tire  and  calcined  with  it.  The  Move 
equipment  consists  of  eleven  Cowiier  stoves*  Slag  Is  earned  to  the 
waste  lieaps  by  1 2-ton  side  or  end  tipping  kdle^^  and  fluid  slag  is  tipped. 
A  travelling  crane  commands  the  pig  beds,  aiid  serves  for  the  n^moval 
of  the  pigs  after  they  are  broken.  An  automatic  recorder  is  used  to 
note  the  times  of  charging  the  blast-fumacest 

The  Each  Blaat-Furnace  Plant.^The  blast-furn&oes  at  Esch 
and  the  steelworks  at  Kothtj  Erde  belong  to  one  German  cuinpany,  the 
Aachener  Hiitten  Actien-Verein.f  Tiie  blast-iurnace  plant  aiKsch-on- 
the-AIzette  consists  of  five  large  bWt*furnaces^  whicli  have  an  annual 
capacity  of  360^000  tons  of  basic  Bessemer  pig  iron,  They  are  pro- 
vided with  eight  blowing  engines  of  8300  total  hor8e-power,  two  being 
gas  engines  with  a  joint  power  of  1200  hurse-powe'-.  Tiie  Rothe  Erde 
steelworks  comprises  a  basic  Bessemer  plant  with  three  converters, 
capable  of  making  some  300,000  tons  a  year,  and  an  open-hearth 
plant  with  three  2 5- ton  furnaces,  and  an  annual  capacity  of  70,000  tons 
of  ingots*  The  rolling  mill  has  thirteen  trains  of  rolls,  of  which  two 
are  large  ingot  mills.  The  workj>eople  employed  at  these  ae?tral 
works  number  between  five  and  bIx  thousand. 

Smelting  GeUivare  Ores. — According  to  Leo,  J  eattensive  experi- 
metits  have  been  a« tried  out.  in  fourteen  Swedish  blaat-f^maceB  with 
GeUivare  ores  and  eou  cent  rates,  during  which  no  stoppage  of  anj  kind 

*  Iron  and  Coed  Tradett  Retiew,  vtth  Ixv,  pp.  S57-Ba&. 
t  Stahl  utid  EUm,  vol   xjlIu  p.  831. 

X  EtiUchriJt  d^4  ObtT»rJifrH*ch^n  Berg*  unU  HiUiMw/Muniachin  Ferftnr«,  190Q^^^ 
174-376. 
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labour  coiiditiona  generally  of  the  blast-furnace  inJustrj*.      A  tal 
comparing  wages  in  Etigland  anii  the  Slates  is  an  interesting  feature  of 
this  section ,     In  conclnslon,  the  atitiior  presents  hia  views  upon  the 
possible  future  markets  for  American  iron  and  sti-el 

W,  L*  Cowles  *  clesacribea  the  appliances  for  handling  ore  at  the  new 
Carrie  furnaces^  Rank  in,  Pennsylvania.  The  ore  is  discharged  from 
the  railway  trucks  by  tipplers  into  a  bin  under  which  buckets  mounted 
on  electrically  driven  trolleys  run  and  are  loade*l.  The  buckets  art 
picked  np  by  a  Brown  hoisting  machine  and  discharged  on  to  ore  piles 
in  the  stock  3*ard  or  itito  another  bin,  from  which  the  furnace  skips  are 
loaded.  These  skips  run  up  au  inclined  hoist  to  the  top  of  the  furnace, 
and  are  discharged  automatically  by  tilting  them  on  to  the  ftiru&oei 
double  belK  The  Tarioua  appliances  are  illustrated  by  a  number  of 
excellent  photographic  reproductions. 

At  Thomas,  Alabama,  No.  3  furnace  has  recently  been  blawn  in.  It 
ia  85  feet  in  height  and  18  J  feet  in  diameter  at  tlie  boshes  and  12  feet 
in  the  hearth,  and  its  daily  capacity  is  given  as  250  tons.  It  has  twelre 
6-inch  tuyeres  placed  8  feet  above  the  hearth^  and  has  copper  and  iron 
cooling  blocks.  Gas  is  taken  by  two  S-foot  downcomers  through  a 
dust  catcher  and  wnsher  on  its  way  to  the  boilers*  Four  Massicks  and 
Crookes  stoves,  22  by  85  feet,  are  provided.! 

An  illustrated  description  and  plans  have  ap^ieared  |  of  the  Minnequa 
steelworks  at  Pueblo,  Colorado.  Three  new  furnaces,  95  by  20  feet, 
have  recently  l>een  built  and  fitted  with  skip  hoists.  Bruiges  and  grab 
buckets  are  used  far  handling  the  ore^  and  ore  and  coke  steel  bina  wiib 
inclined  bottoms  are  used.  Two  skips,  each  hoKling  150  cubic  feet,  ma 
on  the  inclined  hoist,  which  is  arranged  so  that  one  passes  aver  thd 
other  at  the  centre,  antl  the  hoisting  ropes  are  worked  by  electromotors, 
A  15- ton  trolley  commands  the  bells  and  blastfurnace  top.  Four 
Cowper  stoves,  21  by  IOC  feet, serve  each  funmct?, and  blast  is  supplied 
through  ten  6  or  T-inch  tuyeres.  The  metal  is  taken  to  two  SOO-taii 
mixers,  which  supply  the  Bessemer  and  open-hearth  plant. 

Illustrations  are  given  §  of  the  conveyer  bridges  for  stocking  ore  ai 
the  furnaces  on  Neville  Island  in  the  Pittsburg  d  is  trie  L 

History  of  IroiL — J.  Birkiubiuell  compares  the  old  aud  tb©  new 

*  C'Uiiers  A/opa^me,  voL  iscii*  pp*  1 57-17 4- 

t  JCm/inrfrinfT  nftd  Mininr/  Jmtmul,  voL  IkxIu,  p,  S^ 

t  Irofi  Aiif,  Augiwt  U,  10O2,  |Hn  Ml- 

§  Ir*m  Tradt  l?m«w,  Wkj  8,  IftOSp  VP-  38-29, 

13  Jo^rn^  of  tht  CdnaeUan  Mining  /titttlvCci  r oL  t.  tH**  SIB^^ST* 


484 


THE  tBON  ANB  STEEL  IHD0STRIKa 


KoaJgihiitto  in  Uiiper  Silesia.  This  work^  hms  consequentlj 
estaUmhed  for  a  hundred  yeai^  *  The  estal>hahmeot  of  tlita 
WM  of  the  QttuoBt  importance  for  the  present  Pmsdmti  mod 
iron  industry.  It  crowned  the  efforts  of  Frederick  the  Great  to  eslsbliih 
an  i  ron  t  n  d  ustry  >  Before  1790  the  charcoal  furnaces  of  Upper  Sileda  ha^d 
already  experienced  a  want  of  charcoal,  with  the  result  thai  the  MlBiiig 
Depanmeut  beg&n  to  consider  seriously  the  question  of  charcoal  fur- J 
Daces,  and  one  wm  anbsequently  erected  near  Gleiwita  and  sitcceasfnlly  ■ 
put  into  operation^  This  employed  water  power^  and  as  soon  as  tt  wns 
found  to  be  a  tiuccess  a  decree  was  published  hy  Frederick  WtlHaiii  II Li 
on  November  15,  1T9T,  authorising  the  preliminary  const  deration  of 
plans  for  a  larger  works  tu  be  provided  with  Bteatn  power^  and 
subsequent  ilecree  of  February  15,  1799,  anthoriseti  Lha  immediate 
erection  of  such  a  works,  to  be  provided  with  two  btast>^fumace3y  aiid  1% 
was  further  decreed  that  this  works  should  be  called  the  Kdnigafatitte, 
The  two  furnaces  were  t^ach  40  feet  high  by  11  feet  4  inches  in  widtl 
at  the  bosh,  and  they  were  provided  with  two  steam  engines  ca^^bltj 
of  providing  for  each  blast- furnace  2400  cubic  feet  of  air  per  minute 
a  pressure  of  from  2 '75  to  3  lbs*  per  square  inch.  Now  the  work 
possesses  26^  ste^m  engines  having  a  total  of  21,833  horse- power,  whjl( 
the  number  of  employes  amounts  to  6466.  The  rise  and  progress  of 
the  works  are  outlined  in  some  detail « 


Ih— CHEMICAL  COMPOSITION  OF  FIG  IMOK 


8&inplill|f  Pig"  IroE. — At  a  conference  of  chemists  attached  to] 
Ural  ironworks  hold  at  Ekaterinburg,  it  wa*  resolved  f  that  thej 
samples  in  the  case  of  grey  pig  iron  should  be  taken  right  across  tlie  1 
fractured  pig,  but  deep  drillings  at  several  points  might  abo  be  | 
accepted.  The  use  of  the  saw  and  the  file,  however,  is  not  acceptable* 
White  pig  iron,  and  such  alloys  as  ferro-manganese,  spiegeleiaeni  \ 
silico-spiegal,  ferre-silicon,  ferro-chrome,  &c.,  must  be  broken  down  iiie  | 
and  passed  through  a  very  0ne  sieve.  Sampling  molten  pig  iron  ' 
not  considered  a  satisfactory  method. 

•  Stiihl  und  EUen,  to!,  xxii.  pp.  1029-1032, 
t  /&Mf,,  >  443, 
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GarboQ. 

M«tigtkttdiie. 

BiUeon. 

iph«plK>r«>. 

1 

tftm. 

Per  Cent. 

Per  Oeitt. 

Per  Cent, 

1 
Pot  Cent 

P«r€nit« 

Foniidrj  pig  iron    . 

4-0 

07 

2-0  to  3  0 

O'lOtol-7 

01  u»  yn 

lietiteiiier  pig  iroEi  . 

14  "5 

0-5  to  1-0 

O-li  ,,  2*5 

otm .,  01 

m  „  n 

BtLfliu  pig  irnn 

3-5 

1-1   ,,2  0 

02  ,.  0  5 

1-90  „  2-7 

01  „  w 

Forgi*  pig  iron 

3-5 

02  ,,1-0 

Oo 

«'3W  ,,  17 

93  ,,  «i 

Sfeeol  iroti 

3-5 

2  .,5 

0'2ti.  0-5 

,         0-1 

91  ,«  94 

Spiijgeleiaen    , 

'    4  to  5 

fi  „  12 

0-1 

01 

fi3  ,,  91 

1  Ferr(>*iiiiici>n  , 

15 

2-0 

10  til  12 

01 

M,,m 

Charcoal  Pig  Iron. — lu  an  account  of  ebarcoai  mauufactui^  m 
OiiuHo,  \\\  L.  Gijoiivvui'*  refers  to  the  history  and  present  coD<iition 
of  charcoal  iron  maimfacture  in  that  colony*  The  following  analyses 
of  Deseronto  charcoal  iron  are  given  : — 


Iron  * 
Silkon 
Sulphur    . 
PIioBpbfirtia 

Grnpliitic  <:cirbDU 
Ckinibined  citrbon 


Per  Cent 

.  tMSll 
1-56 
.  001 
.  012 
.      0-33S 

.    vm 


Per  Cent. 
94  07 
1-82 
O'Oor 
017 
0327 
2-053  I 
0-957  1 


P^?r  C*nt, 
9n*30 
0734 

0-01 
018 
0  318 

3-425 


An  analysis  of  mixed  retort  and  kiln  charcoal  shows  0011  p«r  cent*  i 
phosphor  us. 


Ill,— BLAST-FURNACE  SLAGS. 

The  Constitution  of  Slags.— H.  K  Ashley  f  studies  slag  coDsti- 

tuLioii  liy  means  ot  til e  triaxiai  diagram,  but  makes  another  departura 
in  itit  form,  as  use  is  made  of  a  right-angled  iBosceles  triangle,  so  as 
to  obtain  rectangular  co-ordinates  for  two  of  the  factors.  The  data 
are  largely  taken  from  H.  0.  Hofman's  paper  on  the  temperatures 
at  which  certain  ferrous  aud  calcium  ^licates  are  formed  in  fusjou, 
and  it  is  sbown  that  the  data  given,  when  replotted  in  this  way,  ^^^^ 
in  a  much  more  comprehensible  fashion,  the  properties  of  the  silicates 
investigated*  Thts  ternary  mixtures  of  lime  and  silica  reapectireiy 
with  ferrous  oridei  alumina^  atid  magnesia  are  investigated  in  this 
way.  The  relation  between  the  mineralogtcal  investigation  of  solid 
slags  and  the  thermal  examination  of  molten  slagi  is  also  diseucsec^ 
and  it  is  held  that  their  composition  is  not  ideuticaU 

•  Sifum^d  fif  iJte  Sf*c*Htt  of  (yhftfiicaf  Inditntrp^  toI.  kx\.  pp,  743^74^- 
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of  working  affect  tlie  product*  As  an  example,  the  effect  of  a  change 
in  the  nature  of  the  coke  used  is  givei).  The  author  then  deals  with 
tiiia  elimination  or  increase  of  sulphur,  silicon ,  phosphoruPj  manganese, 
and  Ciirhon.  The  latter  element  ia  soinetinaes  increased  and  sometimes 
decreased,  and  many  generaliaationa  hy  one  authority  are  stoutly  con- 
tradicted by  another,  though,  as  a  matter  of  fact,  both  are  based  on 
the  particular  conditions  of  particular  experiments,  A  small  percent* 
age  of  fuelj  liigh  blast,  high  carbon,  and  high  silicon  tend  to  cause  ir«i 
to  lose  carboUj  and  vie^  vei'na.  Requirements  for  varied  conditions  of 
working  are  then  dealt  with,  and  finally  the  author  adyocatea  loir 
tuyeres  and  two  spouta  on  the  cupola,  so  that  tlie  iron  need  not  ac- 
cumulate and  rise  to  the  tuyeres  when  the  ladles  are  being  clianged. 

Further  discussion  baa  ensued  on  the  subject  of  the  melting  ratio  in 
the  cupola,  and  a  large  number  of  opinions  have  been  collected.  Tha 
figures  given  seldom  exceed  10  lbs.  of  iron  to  1  of  coke.  In  one  in- 
stance as  much  as  15  or  IG  to  1  is  given,  but  that  is  exceptionab 
A  more  general  ratio  ia  9  to  1,  or  even  8  to  1,  and  sometimes  it  is 
as  low  as  5  to  l.'* 

R.  Eeneke  t  ^liscusses  the  suggestion  that,  if  any  improvements  with 
a  view  to  saving  fuel  are  made  in  cupola  practice,  these  must  lie  iJi 
beating  the  cupola  blast  by  tbe  waste  heat  from  the  cupola  itself. 
The  author  questions  whether  this  would  be  any  improvement  at  all, 
quoting  a  calculation  by  Ledebur,  There  is  something  to  be  said  in,. 
favour  of  hot  blast  and  something  agamst,  but  it  is  not  easy  to  lajTI 
exactly  which  ia  the  more  juatified,  though  the  author  favours  the 
adverse  view.  It  is  not  merely  the  temperature  of  the  blast  which 
plays  an  important  part  in  cupola  practice,  but  also  its  quantity^  and 
the  way  it  is  admitted  into  the  cupola  and  divides  itself  in  the  cupola 
interior.  The  author  instances  his  experience  in  connection  vrith 
chilled  castings  at  the  Humboldt  works.  Here,  from  quite  aimilar  raw 
materials,  furnace  linings  and  blast  pressure^  he  has  found  repealed  I; 
that  the  hard  layer  of  the  finished  product  is  thicker  when  the  mt] 
hBA  come  from  a  narrow  cupola  than  it  is  when  a  wider  cupola  if 
employed.  The  only  explanation  the  author  can  find  for  this  h  thai 
the  ratios  between  the  cross- section  of  tbe  tuyere  orifices  to  that  of  tlie 
cross-section  of  the  cupolas  varied,  and  that  iu  the  narrow  cupola  this 
blast  penetrated  farther  towards  the  middle  than  it  did  jo  the  wider 
cupola, 

•  /<mma/  fifiht  Amfritart  Fmmdrjmtn*t  Aaat^iiititin,  vol.  %L  P*rt  IL  pp.  71-74. 
t  SiM  mid  MiMtm,  vol.  xxii  pp,  610-ei3* 
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cupola,  the  author  staiefi,  are  the  Whitbig  and  the  Colli&u,  the  diffe 

ence  lying  in  the  arrangement  of  the  tuyerea  Tlie  foie-ht^arth  h  now 
in  use.  The  author  tlien  proceeds  to  deal  generally  with  tlie  question 
of  the  pressure  of  hiaai  to  be  used  io  cupolas,  and  next  diicusses  thai 
questioti  aa  to  [mssihie  taring  in  eoke  consum^^tioiu  Means  to  thL 
et>d  lie  in  h*?atiiig  the  blast,  more  compete  combnstioo  of  the  carbon, 
and  utilisation  of  the  available  heal  from  ihe  cupola  gases.  The  fort 
hearth,  he  thinks,  will  not  form  a  imrt  of  new  foundry  plants;  and, 
dealing  with  the  question  of  mixers,  he  observes  that  desulphurisation 
and  proper  mixing  can  be  well  effected  in  large-sized  tadles,  to  whick 
the  metal  can  l>e  left  for  a  lon^  time,  and  in  which  it  will  underga 
frequent  shaking  in  its  transit  to  the  moulds.  Locliner,  the  mimagei 
of  the  foundry  at  the  Gutehoffnungshtitte,  has  made  a  s|>eeial  study^ 
the  author  observes,  of  the  advantage  of  such  prolonged  standing 
btifore  pouring.  From  an  American  source  the  author  quotes  a  e& 
in  which  such  molten  iron  was  allowed  to  stand  for  120  hours  undei* 
a  slag  cover  without  disadvantage.  Tlie  question  of  loss  of  tneui  is 
one  that  receives  frequently  too  little  attention.  As  a  rule,  this  h 
estimated  to  be  from  6  to  8  per  cent,  of  the  weight  of  the  metal 
charged  into  the  cupoia,  but  the  Ameriean  Found rymen's  Associatioi 
have  collected  statistics  which  show  that  in  70  cases  the  lowest  lost 
wa^  2  per  cent,  and  the  maximum  as  much  as  13*6.  Really,  thd 
actual  loss  of  weight  in  the  cupola  should  be  only  from  1  to  1-5  j>er 
cent*  of  the  weight  of  the  metal  charged,  due  to  the  oxidation  anil 
pa&sage  into  the  slag  of  some  0  35  per  cent,  silicon,  0*3  per  cetit^  mau<- 
ganese,  and  some  0*3  to  0'5  per  cenL  iron.  The  remaining  loss  il 
of  mechanic d  origin,  and  may  be  very  largely  recovered  by  ireattueDi 
of  the  waste  products.  It  is  the  care  or  absence  of  care  given  to  thii 
that  leads  to  the  i^reat  vatiation  in  the  figures  quoted.  The  metal 
recovered  is,  it  is  true,  of  poorer  quality.  It  contaius  much  suJphur 
and  manganese,  hot  little  silicon,  •M\d  possibly  but  little  carbon.  Btiil^ 
it  has  its  market  vahie,  and  is  best  added  to  the  open^hearth  charge. 
How  great,  indeed,  is  the  saving  when  the  loss  is  reduced  in  this  way 
from  G  to  8  per  cent,  to  from  2  to  4  is  y^Ty  easy  to  calculate.  The 
methods  of  recovery,  both  magnetic  and  mechanical,  are  briefly  re- 
fen-ed  to. 

Dealing  next  with  the  charge  smelted  and  its  alteration   in 
cupola,  the  author  observes  that  the  cupola  fusion  meatia;  (1) 
normal  manganese  contents,  a  loss  of  about  15  per  cent*  of  the  ailioon; 
(2)  with  the  normal  manganese  contents  of  about  Q*B  to  1*0  per  canl^ 
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Hied  iand  ta  a  mMng  or  elenumg  apparatus  U>  recover  dean 
The  ui<!  of  «Mid  Mast  in  t ambling  barrels  is  also  mentiooad, 

Calculatmg  the  Weight  of  Castings*— C.  M.  Schwetiii' 
a  iimtkod  for  tb^  eslcaktion  ^f  the  weight  of  coatings  wtUi  tbe  aid  I 
of  the  [»)aiiimeter«  An  accurate  drawing  of  the  jmttem  ia  empkijed,  | 
iM  that  gives  a  closer  reiult  tban  a  drawing  of  the  fiiiislied  woric 
account  of  compeosatiijg  errors. 

Malleable  Casting's.^ — Some  notes  are  given  f  on  the  use  of 
ammoniac  in  the  manafacture  of  malleable  cafitingg.  It  is  generalTy 
nued  to  rust  the  {racking  used  in  the  box^B^  and  for  castings  which  art^ 
to  be  very  strong  and  tough.  Wheu  non-metalhe  packing  or  no 
packing  at  all  i^  employefl,  the  eal*amniQniac  is  not  added*  About 
10  Ibe*  of  th*!  fldt  and  25  gallons  of  water  are  used  to  8  or  10  tons  ^i 
packing* 

J*  V*  Woodworth  J  describes  the  manufacture  of  malleable  cast 
ill  America* 

Foundry  Economy,— Foundry  economv  is  dealt  with  by    P,  R* 

Ramj},§  shop  conUi timid  by  H.  McPheeJ]  accounts  by  J,  Gr.  Stewart,1f 
D,  Roid  ♦*  descrilies  same  methods  of  increasing  foundry  production. 

Amongst  other  matters,  double  shifts  and  the  subdivision  of  labour 

are  dealt  with. 

H.  C  Cunniughatn  ft  ^l^o  discusses  foundry  costs  and  labour-saving 

syatemfi.     Methods  of  recording  and  interpreting  foundry   costs  are 

further  dealt  with  in  a  note  by  P,  Lougmuir,  J| 

The  Valuation  of  Pig  Iron.^ — R*  Moldenke^  proposes  a  method 
for  the  proju^r  vakmtton  of  ^ug  iron  for  foundry  purposes,  and  the  work 
is  to  be  undertaken  by  the  American  Foundry  men's  Association.     AU 

*  Tntnmctiomi  uf  the  Ameiictin  IniitUnte  of  Mining  Engmeerw*  Wt^fttuay  ftad  lCiij« 
1902. 
t  A't*j;t'*«"f,  vol  jcolij.  |K  52L 
X  Amtrkmi  Mafhini*t^  vol.  xxv.  j.i|),  lOli-lOlf, 

g  Jonrtmi  *>/  the  Aimri<-ttn  Kifundrgmmkt  AtMOc^tian^  voL  xi  P*rt  I.  m*.  39-IS»  i 
II  Ihitl,  iip,  lfV-10, 

••  ihiiL,  p|j.  2»-a3, 

$5  Sn0fiMtr*fig  Mtii/tnific^  vol  m*iii.  pp*  887-8&1 
5§  Ifim  Agt,  4m*  m,  19^r  PP*  25-37. 
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The  British  Association  of  Waterworks  £ugineers  recently  appointed 
a  committee  to  report  on  the  desirability  and  feasibility  of  adopting 
some  satisfactory  basis  for  standardisation  of  cast-iron  pipes,  and  the 
amount  of  support  likely  to  be  secured  in  the  event  of  the  matter 
being  put  into  practical  shape.  With  this  object  in  view  a  circular 
was  distributed  and  replies  elicited  from  119  waterworks  engineers 
and  pipe-founders.     Only  two  expressed  unqualified  disapproval.'^ 

*  Iron  and  Coal  Tradct  RevieWy  vol.  Ixv.  pp.  278-279. 
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as  it  rolls  froni  end  to  end  through  the  central  hottest  portion  of  tht] 
hearth.     The  mass  of  iron  is  then  about  a^  lottg  ab  the  fumace  ia  iride, 
and  is  about  3  feet  wide  and  24  to  30  inches  high.     The  end  dot>r  ii^ 
tioir  opened  and  the  maas  ia  shot  into  the  squeezer^  which  is  of  apMilfl 
form,  with  itjdrautie  rams  acting  through  pri^ssing  plates  to  squeeze 
the  bloom  laterally,  eridwap  and  vertically.     The  (iresatng  plates  are  ^ 
sectional,  so  as  to  form  spaces  for  egress  of  the  cinder,  and  the  top 
cylinder  is  furnished  with  an  intensifier  which  increases  the  final  prt?s- 
sure  to  ISOO  tons  on  the  top  area  of  the  bloom.     The  fiuisiied  dimen-] 
aions  are  54  inches  in  length  and  24  inches  in  width,  the  thickne 
vatyiijg  according  to  the  weight.     The  squeezing  machine  is  movabkgj 
and  )s  intended  to  be  tun  in  front  of  t*acK  fumace  as  soon  aa  it  is  rtyuif^ 
for  discharge.     Good  regulte  are  usually  obtained  with  this  machiue 
The  pig  iron  used  varies  between— 


s. 

P. 

SI. 

0113 

0^50 

OGO 

0"2G 

1  S5 

1  40 

l\ 


The  normal  cinder  contains  0  30  sulphur,  173  phosphorus,  aud  2Q  pet 
cent  of  silica.     About  500  Ib^,  is  used  per  ton  of  iron  chariied, 
350  to  550  lbs,  of  scale.     The  average  duration  of  a  heat  is  forty -t^ighl 
minutes,  but  it  is  believed  that  this  will  be  reduced  to  forty  mintii 
for  a  4000-1  b,  charge.     On  the  average  the  weight  of  rolled  slab 
about  e<iual  to  the  pig  iron  chargr*d,  and  the  loss  in  finished  plate  h 
to  6  per  cent,  as  compared  with  16  per  cent,  in  ordinary  pudilling« 
is  confidently  believed  that  slabs  and  billets  will  be  prodncetl  at  a 
not  exceeding  that  of  ordinary  steel. 

Direct  Reduction  of  IrOIl. — H.  Leobner*  publishes  details  of  i 
series  of  experiuients  carried  out  some  years  ago  at  an  ironworks  ia 
Lower  Austria  in  the  attempt  to  find  an  economical  methtul  for  tha 
direct  proiiuction  of  iron,  The  process  tried  was  siuiLlar  to  and  was 
partly  based  upon  a  careful  study  of  Banistrom^s  direct  proc^-ss^  pul^ 
lished  in  188*2,  and  also  uf  C.  Husgavers  experiments  live  year*  lai«r, 
with  au  improved  bloomary  furnace,  the  aim  being  to  produce  t?coni** 
mically  malieable  iron  in  the  form  of  a  bloom  of  such  quality  that  %% 
could  be  used  for  the  regular  manufacture  of  ordinary  articles  of  com 
merce*  The  furnace  employed  somewhat  resembleci  a  small  blasts 
furnace,  with  a  separate  chamber  or  retort  attached,  into  whieh  th 

•  fkTff'  und  MiiUttimiinniisrJis$  Jukrhuch  der  L  l\  MergAkade-mien  gn  Leo^^Mt  wvth  U 
p^.  1-18, 
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Electric  Smelting  of  Iron  Ore. — J.  B.  C.  Kershaw  *  states  that 
ferro-chrome  is  made  electrically  at  one  works  in  the  United  States 
and  at  one  in  France.  In  Germany  it  is  made  by  the  Croldschmidt 
process.  Ferro-silicoii  is  made  electrolytically  in  France,  and  ferro-- 
titanium  in  America.  Reference  is  also  ma<ie  to  the  Italian  experi- 
ments in  the  direct  process  of  producing  iron  and  steel  by  electric 
smelting. 

H.  Harmet  t  describes  his  direct  process  in  which  heated  ore  and 
coke  are  forced  into  the  top  of  a  vertical  shaft,  at  the  bottom  of  which 
the  electrodes  are  placed  for  reducing  the  ore. 

Native  Method  of  Iron  Reduction.  — R.  G.  Gumming^  de- 
scribes the  method  of  reducing  iron  from  its  ores  which  he  found  in 
use  among  the  Bakatlas,  a  tribe  of  Bechuanas,  about  the  year  1843. 
He  observes  that  they  worked  a  great  deal  in  iron,  manufacturing 
various  articles  with  which  they  supplied  the  neighbouring  tribes. 
The  ore  was  obtained  by  <*  excavating  in  the  surrounding  mountains," 
and  was  smelted  in  crucibles,  a  great  deal  of  the  metal  being  wasted, 
and  only  the  "  best  and  purest  "  being  preserved.  They  employed  a 
sort  of  double  bellows,  consisting  of  two  bags  of  skin,  by  which  the 
air  was  forced  through  the  long  tapering  tubes  of  the  two  horns  of 
the  oryx.  The  person  using  the  bellows  sat  between  the  two  bags, 
which  he  raised  and  depressed  alternately,  working  one  with  each 
hand.  Their  hammer  and  anvil  consisted  of  two  stones,  but  they  made 
spears,  battle-axes,  knives,  assegais,  sewing-needles,  &c.,  the  workman- 
ship beinp;  neat. 

*   The  Miner tU  Inthistvi/,  vol.  x.  pp.  25G-257. 

t  ComptTA  Reu'ins  MhihwIs  dt  la  SocUU  de  I' hulastrie  MirUralc,  1902,  pp.  85-86; 
EU't'tro-C/u  niixt  and  MetaliurfjiHt,  vol.  ii.  pp.  93  95. 

X  Five  Years  Hualnuj  Adceu'urcs  iti  South  Africa,  p.  59.  Popular  Edition:  Edin- 
burgh, 1902. 
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&c,f  witliaiit  the  iutarni filiate  Ingot  stage,  but  he  does  not  tee  iuivl 
posFi  hill  ties  for  the  future  iti  tliia  method. 

Boning  Girders  with  Wide  Flanges.— li  Cranier*  glvet  & 

description  J  aeeomi>anit!d  by  U  lustrations,  of  the  Grej  uuiversal  Tolling 
mill  at  Differdingen.  The  ingots  are  firat  rolled  down  in  an  ordinary 
roughing  train  to  a  length  of  about  15  to  20  feet,  and  are  fcheu  carrie«l 
forward  to  the  universal  milL  This  consists  nf  two  stands,  the  6rst  of 
which  contains  oae  pair  of  hor]:&ontal  rolls.  In  theae  only  tlie  edges 
of  the  flanges  are  rolled  and  the  width  of  the  flange  is  thus  determined. 
The  second  stand  haa  one  pair  of  horiz^uital  rolls  and  one  pair  of 
vertical  rolls,  and  by  this  combination  the  main  rolling  operation  ia| 
effected  of  working  the  surfaces  of  the  Eanges  and  finishing  lM>lh 
flan^^es  and  web  down  to  tlieir  proper  thickness.  Tiie  girder  is  guided 
through  the  rolls  by  laterally  adjustable  guide  bara,  and  is  supported 
Ijeneath  on  guide  rollers.  It  is  never  lifted  or  turned,  but  passes 
direct  backwards  and  forwards  until  finished,  consequently  very  little 
atraighteuing  is  necessary.  The  weight  of  a  set  of  rolls  for  a  given 
girder  section  is  scarcely  more  than  one-third  that  of  a  set  of  ordinary 
rolls.  The  horizontal  rolls  of  both  stands  must  of  course  be  changed 
to  suit  the  depth  of  the  section,  but  the  vertical  rolls  which  work  the 
outer  surfaces  of  the  Hanges  are  wide  enough  for  all  sections,  jind 
therefore  never  require  to  be  changed. 

Rolling-Mill  Engines, — Some  Ulusiraiions  are  given  f  of  a  rolling* 

mill  engine  built  by  G.  Sellers  for  the  Wardsend  steelworks  ai  Sheffield. 
It  is  a  cross  compound  engine  with  26  an<l  40'inch  by  60-inch  cylinders, 
The  rope  fly-wheel  is  27  feet  in  diameter,  and  drives  a  12  J- foot  jiulleyi 
centred  74J  feet  distant,  to  drive  cogging  and  wire  miHs.  When  new 
boilers  carrying  160  lbs.  steam  pressure  were  built,  a  third  cylinder 
was  added  for  triple  expansion;  hut,  owing  to  the  increase  of  the  work 
donf",  this  has  been  disconnected,  and  the  engine  is  worked  compound 
again  at  t}m  higher  pressure*  With  triple  expansion,  10  lbs,  of  steam 
per  horse-power  hour  was  used* 

Illustrations,  with  many  detail  eectionSi  are  given  ^  U*  ahow 
new  rolling-mill  engine  built  by  the  Filer  i%  Stowell  Company  for 
the  Republic  Iron  and  Steel  Company  at  Youngstown.  It  is  of  tha 
Corliss  cross  compound   type,   with  cylinders  44  and   82  inches   m 

•  Eeii$<thrijt  da  FfmWa  deulnckcr  Ingeniturtj  toK  xlvi*  jt|K  l^]-i!£i3. 

t  E^Viifinesr^  vol*  xciii.  pp*  438-439* 

t  Stiifine^itig  New*,  vol.  ilviii.  pp.  138-143, 
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to  9  square  inches,  For  this  ptirpose  a  special  design  wai  nsed-  The 
fi^ced  and  movable  shear  blades  are  carried  by  a  frame  truiiMianed  At 
its  base,  and  the  apper  shear  blade  is  pulled  down  as  the  fr&me  morm 
over  by  eccentrically  pivoted  linlcs.  The  motion  is  produced  by  a 
hydraulic  staam  intensifier  with  a  stroke  of  24  inches.  The  upper 
blade  is  pivoted  so  that  the  inconiing  bilfet  pushes  it  out  of  the  way  on 
tile  return  stroke.  The  valve  gear  is  operated  by  the  bilkt  strikiiig 
a  trigger  30  feet  in  front  of  the  shears,  more  or  less,  according  to  ihe 
length  desired* 

Shears  are  also  described  for  cutting  lioop  iron  as  it  issues  from  the 
mill  Tile  knives  are  mounted  on  two  small  conical  drunis^  which 
are  geared  together.  The  upper  one  is  carried  in  a  hinged  frame, 
which  is  raised  and  lowered  at  the  desired  intervals  by  change  gear 
so  as  to  bring  the  knives  together  to  cut  off  the  recjutaite  length. 

Modern  Rolling  Mills-— H,  Brauns*  liescribes  and  illustrates  the 
new  ruUiiig-miU  plaot  of  the  Dortmuud  Uniou  works.  The  apace 
available  was  but  small,  and  considerable  care  was  therefore  necessary 
in  plan  rung  it.  A  two-ljrgh  reTersing  mill  was  decided  on.  Beams 
up  to  23 '6  inches  high  and  L  iron  of  half  that  heiglit  were  required 
to  be  rolled,  and  in  order  to  obtain  the  maximum  output  at  as  low  as 
posi^ible  a  cost,  it  was  assumed  from  tlm  commencement  that  it  would 
be  necessary  to  roll,  at  one  heat  to  the  semi-finished  state^  ingots  from 
the  steel workfe  weighing  not  less  than  3  metric  tons,  and  after  treat- 
ment in  an  unheated  soaking  pit,  Fi«r  other  ingots  heated  soaking 
pits  were  also  constructed.  The  actual  arrangements  ail  opted  are  well 
shown  hy  the  aid  of  numerous  illustrations  and  a  plan  showitig  the 
general  arrangement  of  the  plant.  Very  considerable  use  is  maile  of 
electiic  power  for  motor  inirposes,  and  steam  power  derived  from  ten 
Babcock  ^  Wilcox  boilera  is  also  available.  The  plant  was  put  into 
operatiojj  in  July  190L 

W,  Bchnellf  publishes  an  account  and  drawings  of  a  rolling  mil) 
erecteil  in  1901  by  the  Koch  ling  iron  and  steelworks  at  Vblklingen* 
on-the-Saar,  It  serves  to  roll  down  ingots  of  some  4  tons  in  weight, 
and  with  a  maximum  cross  section  of  217  by  lO'd  inches.  The  ingoti 
are  raised  by  eleetrie  travelling  cranes  from  the  soaking  pita  and 
delivered   to  the  rollers  by  an   hydraulic   arrangement,     Thert?   are 

*  Si^i  und  EiMtm^  "roL  JiKii,  pp,  6dl-6CH,  wilb  tme  pljm  ftnd  fonnMU  tUtntrmltea 
In  tha  text, 
t  IbM*,  pp,  413-114,  wilb  three  Aheeti  &t  drnwlajit. 
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as  also  the  roltiog  of  rails  and  the  coDstructioD  of  steam  engines  ati 
steaiui^hips,  lu  1810  a  company  was  formed  to  amalgamate  the  three 
irou works — the  Outehoffnungehiitte,  the  St,  Aotoaihiilte,  and  that  of 
Ilammer-Neu-Essetj,  Tiie  St.  Antonihiitte  was  erected  as  far  back  &s  ti»e 
middle  of  the  eighteenth  ceiitwry,  while  the  old  Gut^hoffnung^hiitte  at 
Sterkrade  was  founded  in  17B1,  The  Hammer-Neu-Essea  workt  he- 
longed  origijially  to  the  grandmother  of  F.  Kruppj  and  was  sold  by 
her  in  1808  to  H.  Huysfieu  of  Essen*  This  comj^iany  wbm  finally 
reorganised  niider  its  }>reseiit  name  in  1873,  The  preaent  eom|iajiy 
mines  its  own  raw  materials,  antl  may  generally  be  considered^  it  ii 
stated,  as  perhaps  the  hest  arrauged  of  all  the  large  iron  and  sted- 
works.  The  Sterkrade  section  of  the  works  inclades  large  machine 
and  boiler  shops,  and  a  steel  foundry  which  is  capable  of  making 
castings  up  to  60  tons  iu  weight.  Very  many  large  bridge*  have  been 
made  at  this  part  of  the  works,  including  six  over  the  Rhine  and  iht^ 
over  the  Ethe*  At  the  Oberhausen  portion  of  the  plant  are  nine  largii 
blast* furnaces,  making  iOO,000  tons  of  pig  iron  per  annum,  and  451 
coke  oven?.  At  Oberhausen  and  Neu-Oberhauseu  are  also  very  large 
steelworks  and  rolling  mills.  The  old  Hjimmer-Neu-Essen  ironworks 
has  been  converted  into  a  works  for  the  niannfaclure  of  fire-resisting 
materials.  Altogether  the  various  works  give  employment  to  14,000 
workpeople  and  officials,  and  are  equipped  with  engines  of  46,000 
horse-power. 

An  account  of  the  works  of  the  Gutehoffiiungshutte  at  Oberhanaen 
and  at  Stark rade  has  been  published  by  F.  Frdlich.* 

An  armour-plate  rolling  mill  is  in  process  of  construction  for  the 
Ischora  works  of  the  Russian  Admiralty  at  St.  Petersburg,  the  work 
having  l>een  entrusted  to  the  firm  of  Klein  Brothers  of  Dahlbmck,  iu 
Germany*!  It  is  to  be  driven  by  a  horizontal  twin  reversing  enginti 
the  cylinderH  of  which  are  56  inches  diameter,  with  a  stroke  of  5  feet 
The  diameter  of  the  rolls  is  47|  inches,  the  length  being  13  feet  1  inch. 
The  mill  Is  intended  to  deal  with  armour  plates  up  to  50  tons  in 
weight.  The  conditions  of  the  contract  stipulate  ihst  the  whol«  of  the 
material  used  in  the  construction  shall  be  of  Russian  manufacture,  and 
the  firm  are  consequently  building  the  machinety  at  their  branch 
establishment  at  Riga, 

F.  Frolich,  ^  in  describing  the  metallurgical  section  of  the  Dusseldorf 


*  Erit^rhrifl  de*  VfrtinetdntUchtrtt^/aiieuri:^  ¥i>L  xlvu  i»p*  1021-1031,  il77   Hi 
+  IMiL,  pp.  I121J-1130. 
t  thid.,  pp.  1413-1I2L 
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wageSf  and  the  excellence  of  the  mechanical  appliances  are  camnieiitod 
iipoiir  though  it  13  remarked  that  three-cyiinder  engttiee  are  not 
adopted.  The  main  difference  is  in  the  ipetsd  of  the  rolls,  rediictton 
gear  being  generally  absent  and  the  sjieed  being  on  the  average  double 
that  in  England,  and  heavy  draught  is  put  on  to  bring  the  work  doini 
rapidly  while  hot.  The  latest  practice  is  tu  edge  the  plates  in  separate 
vertical  rolls  driven  by  an  independent  engine.  Compound  condensing 
engines,  with  Corliss  or  similar  valve  gear,  are  in  common  use.  Hori- 
2-»nial  furnaces  with  power* worked  doors  are  the  rule  for  re-heating 
slabs.  Gas-lifed  regenerative  heating  fnrnaces  are  universal,  and  the 
a  nth  or  animadverts  strongly  oil  the  retention  of  coal  firing.  American 
mills  are  2  oi-  3  feet  higher  than  is  customary  elsewhere,  so  that 
the  ingot  does  not  have  to  be  lowered  from  the  farnacef^,  and  al)  ttie 
machinery  is  more  accessible.  Very  careful  records  are  kept^  and  lost 
time  is  thus  reduced.  Hydraulic  transniisaion  of  power  is  being  gener- 
ally replaced  by  electricity  at  250  volts.  A  ipecial  feature  of  Ameticati 
practice  is  the  endeavour  to  keep  all  the  parts  of  the  mil)  at  work,  so 
that  one  set  of  rolls  is  never  idle  while  the  other  is  occupied.  The 
vahie  of  standardisation  also  is  mentioned. 

The  new  blast- fnrn  aces,  Bessemer  and  opeit-hearth  Kteel  plant  and 
rolling  mills  of  the  Minneqna  works,  Pueblo,  Colorado,  are  described^'* 
with  the  aid  of  plans  and  other  illustrations.  The  Bessemer  plant 
includes  rail  mili^,  blooming  uuUs,  soaking  pits,  hot  saws,  and  a  cold 
finishing  department.  The  open-bearih  plant  supplies  a  40-inch 
blooming  mill,  bar  mills,  12  anil  H-ieich  merchant  rnilU,  bar  and  tiooj 
miiU,  and  a  Garrett  rod  mill  Tuere  is  also  a  wire  plant,  and  of  eacii 
of  tbeae  a  short  account  is  given  to  supplement  the  account  of  the  blasts 
furnaces  and  steel  plant. 


Electric  Power  in  the  Eolling  Mill,— S,  S,  Wales t  mentions 

the  use  of  the  eleiaron^otor  in  the  rolling  mil!  for  overhead  crmnes, 
charging  machinei^,  roller  tables,  screwing  gear  for  rolls^  and  iitht?r  pur- 
poses. Motors  for  mill  use  may  be  of  any  or  everj  type  built,  but  in 
any  case  it  is  probable  that  no  single  type  would  cover  the  ground 
satisfactorily  under  all  conditions.  At  the  present  time  no  motor  h&s 
had  such  diversified  application  in  this  line  as  the  tramway  berie* 
motor;  its  claim  for  recognition  being  the  powerful  starting  effbrt,  it* 

•   hoH  Apt,  Autinikt  U.  l\MfI,  yp.  1-11. 
153. 
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C*  Baiitiij  *  describes  the  electnc  pUat  At  tlie  Parkgmte  Ataelvorka 

A.  Abr^ani  t  djaeoftses  the  use  of  electricity  tn  ironworki^  lUai^ 
trations  are  given  of  electric  cranes  &d«1  transport  applt&Deefl  »t  iW 
FriedeDshtitte,  the  Bteelworks  At  Antwerp,  and  the  Cockerili  wotki 
at  Serai rig«  The  rolling  mills  and  lire-roller  tables  of  the  Farkgilt 
worka  and  of  th*^  Friedenslmtte  are  alio  described. 

At  the  Nfteroppa  irotiworks  in  Yarmlani),  Sweden,  eteeinc  ttus-^ 
raiaftion  of  p*>wer  has  been  aucceafifullr  applied  to  tlie  ruUitig  mill'^.t 

The  electric  traiisimission  of  power  at  ironworks  is  discussed  bj  C* 
Machacek,§  The  direct  current  h  fonnd  Ui  be  better  adapted  to  tbe 
reqoirementa  of  metallurgical  worka  than  Uie  alternating  ccirrenL 

llluitratlona  are  given  [{  of  the  electric  installation  at  the  Aniweip 
ateetworka.  The«e  inclade  plans  and  elevations  of  the  e1«etric  ctaBca 
uaed  for  working  the  soaking  pits,  and  photographic  iJlsiatratioiia  cf 
the  motors  which  drive  some  of  the  rolling  mills.  One  oi  UiaHi 
motors  of  325  horse-power  capacity  is  coupled  by  belt  to  a  2-14llcki 
two-stand  blooming  mil!,  which  inns  at  a  speed  of  70  rerottitio^a  per 
miniit*^,  and  has  a  fly-wheel  of  about  30  tons  weight.  lo  one  stand 
880-ib.  billets  are  reduced  from  10  inches  square  to  3}  iiiehes  square  ; 
in  the  other  stand  4 50-1  k  billets  are  rolled  from  7^  tnch»  aqtiafe  to 
2f  inches  square  section.  Behind  the  blooming  mill  are  two  Hnishlng^ 
mills,  the  object  being  to  supply  each  from  one  stand  of  tlie  blooming 
mill.  These  mills  are  direct-ilriven  bj  electric  motors.  The  larger 
one,  a  14-incb  five^tand  mill,  is  driven  by  a  450  hor&e-power  motor, 
whilst  the  other,  a  lOj-tnch  flve-stand  mill^  receives  its  power  from  a 
325  horse-power  motor. 

A  number  of  illustrations  are  gi^en  f  of  the  electric  power  inatallm- 
tian  at  the  Oagr4e  work^,  Bel^um.  Altogether  there  are  €4  motors^ 
ranging  from  h  to  70  horse-power,  used  for  driving  cranes,  hoista, 
rollers,  &c.  Other  illustrationa  are  given  ♦♦  of  the  electric  install) 
at  the  Upper  Forest  and  Worcester  steel  and  tinplate  works. 

Stripping  Ingots. — The  evolution  of  the  ingoUstripper  is  ir^ 
by  A«  £.  Fay, It  and  eight  illustrations  are  given  to  show  some  of  1 

*  Gimie  Cimi^  id.  xlL  pp,  38^271 

f  ibid.,  pp.  2?7-S8(l 

X  AStirtTiirid^nt  vol.  li  p.  650. 

I  Btfjh  mmd  HUtitnmtmmmku  Jakrbu'^  d^  L  t  JW^Imff  ^ffi.  *uL  L  pp.  |4I»  171 

I  irm  «fMl  Coo/  Trmd^  Htti^m,  voU  lur,  pit.  ISSl-HSS- 

••  /W,,  p.  !3S3. 

ft  Inm  Trade  iUntv,  M«y  1.  1003,  pp.  U^. 
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L  The  CarbmiMition  of  M>lleRbli*  lr.»n 
II.  The  Open- Heir fcb  Procun* 
\lh  Tbe  BeBM«mer  Prooeu 


I,— THE  CARBITRISATION  OF  MALLEABLE  JROK 

The  Manilfactare  of  Electro-SteeL — Id  a  paper  read  before  the 

Swedish  Assuciatioii  oi  Ironmaster  a,  F.  A.  Kjeliin  *  aboweii  that  in 
Sweden  excellent  results  have  been  obtained.  Where  ample  water 
power  is  available^  the  procees  should  have  a  considerable  future, 
Tlie  idea  of  making  steel  by  electricity  n  not  new.  In  1879  Sir 
William  Siemens,  then  President  of  the  Iron  an<i  Steel  Instilnte, 
conatructed  an  electric  riiniace  for  steel,  bnt  the  method  was  found 
to  be  too  costly  for  practical  us««  In  1399  the  anther  proposed  that 
an  electric  steel  furnace  should  be  built  at  Gyainge  witliout  electroilei,  J 
At  the  end  of  February  1900  the  first  furnace  of  this  kind  was  built,™ 
and  the  first  casting  was  made  on  March  18^  the  steel  being  found 
to  be  of  excellent  quality,  The  problem  was  thus  solved  techniealljfi 
bnt  not  commercially,  for  with  the  78-kiiowatt  dynamo  employed 
only  575  lbs,  of  steel  was  maije  in  twenty-four  hours,  and  the  furnace 
only  held  160  lbs.  A  larger  furnace  was  built  in  November  IDOO^ 
and  made  1200  to  1400  lbs»  of  steel  per  twenty-four  hours.  In  iha 
summer  of  1901  new  steelworks  were  built,  with  a  300  liorae-power 
turbine.  The  new  furnace  itaa  a  capacity  of  3600  lb&,  and  tbft 
production  is  calculated  at  1500  tons  annually  if  charged  with  cold 
material.  The  steel  made  is  of  superior  quality,  and  shows  Irst 
tendency  to  crack  when  hardened  than  ordinary  Rteek,     Ita  ffwdotn 


*  JiiAkmvUirrU  jinno/er,  vol,  Ifii,  pp.  ^lf^-W^, 
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Crucible  ate«I,  containing  1^3  to  1^5  per  eent  of  carbon,  is  poured  m 
both  sides  ainmltaneouslyf  and  wheti  the  ingot  ii  tet  it  should 
allowed  to  cool  gradually  to  avoid  crajck'mg.  For  further  workingpl 
the  ingots  are  heated  Klowlyj  and  not  to  too  high  a  temperature^  fori 
cogging  and  fiiiialiing  into  phites  in  rolling  mills.  Tiie  mat€ri&l  iij 
not  allowed  to  cool,  but  requirei  further  reheating  between  cog^ng  ' 
and  fini^hingi  and  the  plates  are  then  marked  out  as  soon  as  possible 
aud  heated  ou  coke  firea  before  shearing  into  Bhape.  An  anal; 
shows : — 


0. 


Mn. 
0-35  to  0-46 


0*20 


0-04  tti  0-06 


0O2 


Ih—THE  OPEN-riEAliTH  PROCESS. 


Open-Hearth  Steel  Processes. — J.  Cliristie  *  reviews  the  m 
develop M J triiUj  oi  E^he  iipt^ii-ljriuth  ^tuei  process.  After  a  referent 
the  ti&ethod  of  adding  met^il  from  the  converter,  which  is  not  con- 
sidered satisfactory,  the  direct  process,  witli  metal  from  the  blasU 
furnace  with  ore  additions,  is  mentioued,  and  then  the  Bertrand-Thieii 
Talbot  and  Monell  processes  are  deficnhed. 

Open-Hearthi  Steel  in  the  SiegerlaBd.— Tlje  prodnciiou  of 

opt^n -hearth  steel  in  the  Sieger  land  t'onn«  the  &ul  ject  of  a  paper  bf 
Mil 0 ken t  The  mild  steel  of  tliis  di-strict  is  not  chjiracterised  by  any 
special  qualities  as  the  pig  and  wrought  iron  are,  and  it  was  due  m 
the  excellent  ]iroperties  of  the  latter  product  that  the  introduction  of 
the  open-hearth  process  in  the  district  was  so  long  deiayeii.  There  an* 
now  four  Sieroens-Martin  steelworks  in  operation,  comprising  a  lolal 
of  thirteen  open-hearth  furnaceSj  the  capacity  ranging  from  12  to  25  toui. 
All  of  them  are  hasic-lined,  notwithstEindirig  that  it  would  be  easy  to 
manufacture  from  tlje  Siegerland  ores  a  non-phosphoric  pig  w#U  suited 
for  acid  working*  But,  owing  to  the  trouble  of  selecting  a  scrap  of 
sufficient  purity*  the  basic  process  is  preferred.  Tlie  arinuaj  pnidiictioii 
of  open -hearth  st«el  iu  these  works  is  about  170,000  tons^  most  of 
which  is  worked  up  in  the  rolling  mills  of  the  same  diarict. 

*  Fjt|ier  r«fid  before  the  EDgineeti*  Club  of  Fhilidelpbift  \  Jfim  Afft,  Angutfi  7, 190$ 
pp.  21^23. 
t  Seitichri/t  dtt  Frret »ei  de%tt§^h€r  tfi^niiun^  vol.  xlii.  pp.  I04t>-I050. 
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reailily   niti  out  of  the  build  Id  g.     Th^  ingoit  are  placed  bot  in 
f oakiog  pits*     The  old-fashioned  revolviDg  bjdraulic  caffttn^  ermom  bi» 
been  replaced  by  electric  travellijig  cranes;  tlie  Lmgou  cm  b«  «*t 

ftnyw)jere,  and  the  fattiace  immedifttely  put  into  repair  aii«r 
wiihotit  tlie  workpeople  being  subjected  to  great  beat.  IKivet 
Is  now  often  employed.  The  author  points  ont  the  adraaUgf!«  and 
dtJ^lvantages  connected  wiih  IkaYJng  the  "whole  plant  of  a  warki  oil 
uue  level,  and  thinks  the  former  outweigh  the  Utten  At  ihe  H 
stead  steel  works  there  are  three  open^hearth  plants,  bnilt  at  dlii 
dates.  The  ohiest  has  eiglit  25  to  3D-toD  furnaces  placed  in  two 
rows.  The  second  plant  has  ako  two  rows  of  fumace%  but  tkt^m 
nomljer  sixteen  and  th^y  are  of  from  40  to  50  tons  capacity.  This  plant 
m  providt'd  with  an  armour-plate  miil*  The  most  recent  and 
important  of  the  three  plants  was  commenced  in  1897.  It  cocnpruea 
twenty- four  50'ton  furnaces,  and,  making  sixteen  tieats  f»er  week  |ier 
furnace,  has  a  yearly  output  of  about  900,000  tou^.  All  this  is 
rolled  at  the  works  itself.  Each  furuuee  has  its  own  stacks  They  ar^ 
heated  by  natural  gas,  and  are  charged  by  machines  built  by  the  Weil- 
man  Seaver  Engitieering  Company,  These  have  each  a  capacity  of 
about  2  tons  jier  minute.  Shortly  after  this  plant  was  completed  the 
Cttrnegie  Company  commenced  the  erection  of  the  Dnquesne  open 
hearth  plant.  It  consists  of  twelve  50-ton  furnaces  placed  in  one  row^ 
but  it  differs  from  the  Homestead  works  by  fmviug  the  level  of  the 
charging  floor  some  9  feet  above  that  of  tlie  works  general ly.  The 
fnrnace  is  constructed  on  a  massive  foundation^  and  consists  of  a  layer 
of  firebricks,  then  one  of  chrome  iron  ore,  and  next  of  magnesite  brickie 
On  this  follows  loose  magneaite,  whicfi  is  burnt  in.  Each  furnace  lias 
three  water-cooled  charging  doors  and  two  smaller  doors  for  repairs  at 
the  charging  side,  while  at  the  other  side  are  two  large  and  two  small 
doors  and  the  tap-hole.     A  slag  pit  lies  in  front  of  eacli  furnace. 

The  plant  of  the  Pennsylvania  Steel  Company  was  erected  iii  1900, 
It  consists  of  sijc  50- ton  tipping  furnaces  placed  in  two  row%  with  a 
common  pit,  and  all  served  by  a  50*ton  travelling  casting  crane  of 
electric-hydraulic  type.  Tiie  furnace  is  charged  with  ubout  80  |»ef 
cent,  of  molten  pig  iron  taken  direct  from  the  blast-furnaces  and  scnip. 
The  latter  is  charged  in  rectangular  sheet  boxes.  At  the  Pencoyd 
works,  which  is  next  descriheil,  are  nine  504on  open-hearths  and  one 
754on  Talbot  furnace,  which  was  put  into  work  in  1899.  This  fumice 
the  author  deKcribes  and  illustrates.  Other  plants  described  or  refemKl 
to  include  those  of  the  Sharon  Steel  Company,  with  eight  50*ton  open- 
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peat,  costing  about  75  cents  per  cubic  yard  delivered  at  Moiala.  Tf 
large  gas-producers  are  used,  from  wlitch  tlte  gas  is  led  to  the  open- 
hearth  furnaces  tb rough  a  condenser  for  ridding  it  ofaome  of  iu  mois- 
ture. Although  the  peat  gas,  owing  to  tljedistauce  the  peat  has  to  be 
brought^  is  dearer  than  coal  gas,  it  h  used  preferably  in  most  Swediab 
steel  workfl  in  consequence  of  the  inaignifieai^t  amount  of  iulpbur  and 
phosphorus  it  ecu  tains.  In  the  rolling  niille  there  h  a  smaller  peat 
gas-producer  for  one  of  the  plate  furnaces,  and  thin  steel  plates  espea* 
ally  scale  leea  in  rolling  when  the  furnace  is  fired  with  peat  gns. 


IIL—TIIE  BESSEMEIt   PROCESS. 

The  Theory  of  the  Bessemer  Process.— In  a  paper  read  at  the 

general  meeting  of  tlie  V  ere  in  deutacher  Chemiker,  F*  Fischer*  dis- 
cusses the  theory  of  the  Bessemer  process,  considering  in  particular  a 
former  paper  on  this  subject  by  H.  Fonthi^re.f  The  latter  took  as 
bis  basis  a  white  pig  iron  of  the  following  compositioii : — 

Irt>i}>  Billoon.  MaiigAneie.  Carbon.  Fho«pborut.  Su^bot. 

92'52         roo  rso  3-50  I'io  om 

and  he  grouped  these  elemenls  together  iu  the  following  way^  consider- 
ing the  pig  iron  to  have  the  compositiau  :■ — 

Per  0«tii. 
Miuifftinoae  enrbidej  MnCj     .        .        .        -  ,      l-'W 

Mu.ijga.nefl  a  hulicide,  ML17B4    ,        ,        «        ,  «      0'64 

Maiigft[i«s«  phutipbide    ».«,«..  tnu3« 

Matigunese  aiilpludii       .        ^        ,        .  .        .  tni«« 

truu  curbtde^  Fe^O  .         4  -  .  I6'50 

Iron  HUicide,  FeSi 2*5(1 

Iron  pboaphidfl^  Fe^    .        *         ^         .         .         «        ,       S'98 

Iran  sulphide  *>-.>«».  ttlum 

Iron,  fr*e 3&m 

Total        ....  10ai» 

These  compounds  Pontla^re  employed  iu  his  fsubsequeiit  thermo* 
chemical  calculations,  though  he  left  out  of  consideration  the  hetits 
of  formation  of  iron  silicide  and  iron  carbide,  while  calculating  those 
for  iron  phosphide  and   the  manganese   compounds.      According  to 

•  Oaterrti^kUckt  Z&it^chrif/.  fUf  Berg-  utwi  BUitenwe*eJ%,  vol,  L  pp.  4S3-4SG. 
t  Joumai  of  the  Iron  and  St^d  InttitnU,  1897.  No.  11. ,  p.  W;  SeiUchifi  dr$  Tnfiut  j 
^fulf^«r  Ir^f€nieurtt  vuL  JiWi.  p|i,  10Q6-1{^8, 
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SCO -388  h.w.,*  so  that  12  kilogrammes  of  carbon  eombme  with 

44  kilograiunieB  of  carbou  dioxide  with  the  absorption  of  388  h,w 
This  action  of  tht?  carbon  conaeqiiently  sensibly  cools  the  metallic  bath, 
Pig  iron,  when  fused  witb  silica  or  silicates,  has  been  shown  to  fona 
carbon  monoxide  and  silicon^  according  to  the  reaction:  Cn  +  SiOg  = 
2CO+Si-)620  h,w,  Tijis  reaction  requires,  however,  euch  a  con- 
siderable amount  of  lieat  that  it  probably  unly  takes  place  at  very 
high  temperatures.  On  the  other  hand,  the  reactions:  Si-hCOj= 
SiOj,  +  C  -f  1232  h.w,  and  Si  +  SCO  =  SiO^H-  2C  +  1620  h,w,  yidd  much 
iieat,  and  are  conseqaently  pronounced  io  their  action.  Manganese 
behaves  simdarly :  Mn  +  CO,  =  MnO  +  CO+268  h.w. ;  2Mn  +  C0j 
-=2MnO  +  C+934  h.w.,  and  MnO  +  SiO^=MnSiO^  + about  350  kw' 
The  com  bast  ion  of  the  mangant^se  in  carbon  dioxide^  and  its  passage 
into  the  slag,  are  therefore  also  accompanied  by  a  considerable  evolu- 
tion of  heat.  The  following  reaction  can  also  very  readilj  take 
place  t  Mn  +  CO  =  MnO  +  C  +  65(1  h^w,  Silicon  and  manganese 
do  not  therefore  protect  the  carbon  from  combustiouj  but  they  redact 
again  the  products  of  com  bus  ti  on  of  carbon,  and  so  cause  the  latter 
to  pass  again  Into  the  iron.  The  actiou  of  the  iron  itself  is  much 
weaker.  At  a  red  heat;  (1)  3Fe  +  4CO^=  FegO^  +  iCO  -  81  h,w»; 
(2)  Fe304  +  4C0^3Fe  +  4C02+Bl  li.w,,  and  at  a  very  high  tempera- 
ture {3}  Ve^O^ 4-  8C0  =  3Fe  +  2C  +  600^  ^  107 1  h.w.  This  last  reaction , 
is  accouipanied  by  such  a  Targe  absorption  of  heat  that  it  eannot 
be  very  pronounced.  Further,  2Fe  -h SSiO^  =  2F«;Si03  +  Si  +  104  kw. 
Bell  has  shown  that  phosp horns  [lasaes  into  ibe  slag  at  low  tempera- 
tures, and  is  reduced  from  it  again  at  high  ones,  but  the  thermo^ 
reactions  connected  with  the  elimination  of  this  element  from  the 
iron  are  still  not  clearly  known.  The  Bessemer  process  Itself  is 
consequently  a  mixture  ot  direct  combustion  with  a  series  of  reactions 
and  inter- reactions  which  are  dependent  on  tem[jerature,  time,  and 
mass. 

Bessemer  Steelworks  in  Belgium, ^V,  Firkett  describes  the 

improvements  hitfly  carded  out  at  the  steelworks  of  Angleur,  m 
Belgium,  By  the  final  demolition  of  all  the  puddUng^furttaces  a  targf 
space  was  renilered  available  for  the  construction  of  a  new  casting 
pit  and  shed,  in  connection  witii  the  basic  Bessemer  plants  to  ^ppk- 
ment  the  old  circular  pit     The  new  pit  is  rectilinear,  extending  away 

*  I  technical  li*at  unit  ciJculateJ  for  1  kg.  of   wiit«t=w;    1  kekto  iinit^l  kw.^ 
100  w. 
t  Annakt  de*  MincA  de  Bel^fi^ue,  voL  rii.  ftp,  279-304, 
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Steel  Mantlfactlire  in  America. — The  third  main  division  of  the 
report  of  the  British  Iron  Trade  Association  *  is  contributed  by  Enoch 
James,  and  deals  with  the  conditions  and  recent  advances  of  the  steel- 
works of  the  States,  in  respect  of  processes,  plants,  and  equipment. 
For  this  purpose  a  large  number  of  works  were  visited,  and  the  report 
furnishes  a  valuable  insight  into  the  latest  American  [iractice.  It  is 
divided  into  three  sections,  of  which  the  first  deals  exclusively  with 
the  Bessemer  process,  comparing  British  and  American  practice,  and 
describing  in  lucid  detail  the  American  methods  of  working.  The 
second  section  is  confined  to  the  open-hearth  process.  Supplementing 
detailed  descriptions  of  most  of  the  leading  plants  are  some  fine  illus- 
trations of  typical  appliances  and  machinery,  including  the  Wellman 
charging  machine  and  rolling  furnace.  In  section  3  the  author 
gives  his  impressions  of  some  of  the  leading  features  of  American 
rolling  mills,  describing  the  methods  adopted  in  the  manufacture 
of  rails,  beams,  channels,  plates,  &c.,  and  including  photographic 
views  of  latest  types  of  machinery. 

*  "American  Industrial  Conditions  and  Competition/'  London,  1902. 
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Nickel  Steel. — R.  S.  Tappeuden  *  draws  attention  to  the  use  of 
nickel  steel  for  engine  forgings,  which  may  be  made  with  tensile 
strength  up  to  110,000  lbs.,  elastic  limit  74,400  lbs.,  and  elongation 
21  per  cent  The  low  carbon  steels  will  harden  readily,  and  should 
be  annealed  to  reduce  local  strains.  A  nickel  steel  generally  is  as  easy 
to  forge  as  high-carbon  steels.  The  cropping  of  bottom-poured  ingots 
should  be  20  per  cent,  at  the  top  and  5  per  cent,  at  the  bottom ;  from 
other  ingots  25  per  cent,  should  be  cut  off  the  top. 

New  Tool  Steels. — Some  notes  on  recent  experiments  with  new 
tool  steels  have  appeared.!  Mention  is  made  of  several  kinds  recently 
produced  in  Sheffield,  of  the  experiments  made  in  Germany,!  of  further 
tests  made  by  J.  W.  E.  Little(lale,§  and  of  recent  American  experience. 
Sergius  Kern  ||  has  prepared  a  tool  steel  having  the  following  com- 
position : — 

Per  Cent. 

Tungsten 2-00 

Molybdenum 0'50 

Carbon 0*90 

MangHttese        .........     020 

Silicon 018 

The  phosphorus  and  sulphur  must  be  kept  down  as  low  as  possible, 
on  the  average  not  more  than  0*03  per  cent,  of  the  combined  elements, 
out  of  which  not  more  than  001  per  cent,  should  be  sulphur.  The 
steel  was,  and  must  be,  prepared  by  the  crucible  process.  Such  a  self- 
hardening  tool  steel  is  very  convenient  for  the  machining  of  hard 
metals. 

•  Inm  Age,  July  17,  1902,  p.  9. 

t  Iron  and  Coal  Trades  Review,  vol.  Ixiv.  i>p.  1616-1518. 
X  Journal  of  the  Iron  and  Steel  Institute,  1902,  Ko.  I.  p.  600. 

§  Transactions  of  the  North-East  Coast  Institution  of  Engineers  and  Shipbuilders, 
vol.  xviii.  pp.  21-37. 
li  Chemical  News,  vol.  Uxxv.  p.  282. 
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In  a  paper  read  before  the  Verein  zur  BefdrderuDg  des  Gewerbfleii 

Berlin,  Sievers  *  discusses  the  manuiacture  of  steels  for  rapid  lathe 
He  refers  to  the  nianufacture  of  cement  and  crucible  staal  as  prmci 
at  Sheffieldj  where^  as  Wedding  remarked  in  the  discusstoDj  it  im  stated 
that  the  methods  of  maiiufactnre  are  antiquated  compared  tritb  the 
great  improv^ements  in  the  method  of  mannfactnre  at  German  works, 
whicli  ustj  gas4ieated  furimcea*     Danneraora  iron  is  chiefly  emplojed 
at  SheMeld  in  the  manufacture  of  cement  steel,  the  fusioit  for  erudble 
steel    being    effected   in   crucibles   free    from    graphite,      According 
to  the  views  of  Seebohm  and  Dieckstahl,  whose  method  of  manufac- 
ture the  autlior  considers  in  particular,  graphite  is  objectionable  as 
affecting  the   uniformity   of  the  distribution  of  the  earhoti    in   the 
steel,  which  la  made  as  a  rule  of  6*  of  hardness.      The  carbon  con- 
tent of  Ko.  1  is  about  1"5,  while  that  of  No.  6  is  only  0-75,    The 
varlons  uaea  to  which  these  steels  are  put  are  brietly  mentioned,     Tbe 
actual  quality  of  the  metal,  the  author  obaerTes,  is  partly  the  result 
of  the  skill  in  workmanship  employed  in  its  manufacture,  and  is  also 
due  in  part  U>  the  chemical  composition  of  the  metal  itself.     Chemical 
analysis  does  not  in  itself  afford  an  adequate  means  of  judging  the 
quaUty  of  the  steeb     For  instance,  it  is  hy  no  means  a  matter  of  no 
importance  whether  the  manganese  that  is  now  always  found  in  lesser 
or  larger  quantity  in  a  crucible  steel  was  present  in  the  original  metal, 
or  w^as  added  to  it  when  fused  in  the  form  of  spiegeleisen.     For  best 
crucible  steels  only  that  iron  must  be  used  the  manganese  contenU  of 
wldeh  are  due  to  the  ore  n&ed  in  its  manufacture.     Passing  from  this 
qiit'stiou  as  to  the  influence  of  manganese  on  crucible  steel,  the  author 
proceeds  to  consider  that  of  other  elem€*nt8.    Thest^  he  classifies  into  two 
divisions — those  whos^e  presence  in  unileairable,  and  those  whose  action 
is  beneficiaL     The  former  class  includes  sulphur,  phosphorus,  copjter, 
arsenic,  and  silicon^  while  the  desirable  elements,  in  atldiiion  to  carbon, 
comprise  mauganesf,  chromium,  molybdenum,  tungsten,  nickel,  tita- 
nium, and  vanadium*     With  regard  to  the  action  of  nickel ,  it  is  pointed 
out  that  its  value  as  an  addition  in  tlie  manufacture  of  tool  steel  has 
not  borne  out  the  hopes  originally  held  of  its  use  in  this  way.     NickeV 
it  has  been  found,  only  increases  the  hardness  and  toughness  of  the 
steel  in  its  unhardened  condition,  while  its  influence  on  hardened  steel 
is  but  small,  and  its  presence  causes  uncontrollable  irregularities  in 
the  hardening  process.     Titanium   and   vanadium   have   made   tbiar 
entry  into  steel  manufacture  more  in  name  than  in  any  other  way, 

'  SUihl  iir*d  EiMmt  vol  xAii.  pp*  579-580. 
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this  kind,  and  it  then  possesses  the  beat  ratio  of  tougbnesa  and  hnrd 
ness«  In  such  alloys  as  those  above  meiitioTied  carbon  forms  carbides 
just  as  in  ordinary  steel  The  autlior  deals  with  the  subject  geoeraUy* 
J,  Castner*  discusses  Giebeler's  "special  steel"  with  reference  to 
its  value  for  armour-plate  purposes,  Tlie  inventor  bad  this  steel 
tested  at  Chariot  ten  burg,  and  it  was  found  that  it  attained  a  majctmuui 
tensile  strength  of  as  much  as  103  5  tons  per  .square  inch-  It  then 
showed  J  however,  no  elongation  whatever.  Based  on  these  results^ 
Giebeler  claimed  that  this  steel  was  twice  as  liard  as  the  best  ordinan* 
kinds  of  steel,  and  that  cantiou  made  from  it  would  be  140  percent. 
stronger,  and  armour  phites  might  be  50  per  cent,  liglifcer  than 
those  now  in  use.  It  is,  however,  the  author  observes,  a  fuudamental  ■ 
error  to  asiume  that  liardness  alone  is  a  mt^asure  of  tbe  good  quality 
of  a  steel  L^ast  of  all  can  this  be  true  for  guns  and  armour  plate* 
In  the  case  of  steel  for  guns  it  is  rather  toughness  that  is  required 
than  actual  strength,  in  order  that  the  gun  tube  may  be  able  to  with- 
stand properly  the  abuck  of  the  explosions  inside  it»  A  gun  made  of 
Giebeler  steel  would  burst  with  the  very  first  shot.  Such  ateel  would 
be  equally  bad  for  armour  plates,  and  the  author  criticises  in  this 
respect  the  Harvey laed  steel  plates.  In  those  tlie  face  of  the  plate  is 
at  least  glass  hard,  but  tbe  steel  behind  is  wanting  in  toughness, 
with  the  result  that  the  plates  are  apt  to  be  broken  up  when  fired 
atp  It  is  in  just  this  respect  that  the  Knipp  plates  are  better  than 
those  hardened  by  the  Harvey  method ,  tlie  inner  part  of  the  melal 
being  tougher,  increasing  gradually  in  tins  property  and  diminishing 
steadily  in  liardness,  from  the  outer  hard  face  of  tbe  plate  inwards* 

Dealing  next  with  the  maximum  tensile  strength  siiown  by  the 
Giebeler  steel,  tbe  author  mentions  nn  instance  in  which  the  metal 
in  an  ordinary  o[ien-hearth  railway  carriage  spring  ahowed  a  tenslh 
strength  of  lOl^l  U}m  per  .'square  inch,  w^ith  6*2  per  cent,  elongation, 
and  another  in  which  crucible  steel  showed  108  5  tons  tensile  ttrdrrgtlt 
and  5'2  per  cent,  elongation,  while  in  the  case  of  another  siteci^l 
steel  a  niaximunj  tensile  strength  of  133  7  tons  per  square  inch  was 
observed,  with  an  elongation  ol  2  4  per  cent. 

Another  new  tool  steel  has  been  invented  by  the  Bitmarckbutte^ 
which  is  said  to  surpass  in  quality  all  former  products  of  this  clias^i 
not  excepting  ttie  Taylor- White  tool  steel  No  alteration  is  necessary, 
in  the  design  of  existing  machine  tools  to  enable  it  to  be  used  to  full 

'  Prmn^thmtt  1&02.  Np.  64T  ;  St^d  titiwf  Ei»en^  vol.  xsil  pp.  4<»3  iG4. 
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B,  Scharbak  *  advoeateB  the  ailraiitagea  of  weUliiig  higb-pi 
at«^am  pipes  by  means  of  the  Goldsclimtdt  process,     The  jointin; 
long  pf{>e3  up  to  Bh  iociies  diameter  can  be  inueb  more  ecaoomiajly 
effected  by  weldmg  than  by  the  use  of  flaDgea. 

MaBUfacture  of  Wire  Nails* — Of  all  the  varied  proce4see6  in  tlia 

furtlj^^r  treatment  of  metaU,  probably  the  maoufiwjtiire  of  wire  nmilt 
haii  made  the  least  progress  in  the  pail  decadent  It  is  true  that  ihts 
outputs  of  the  luachines  employed  have  grown  larger,  but  the  character 
of  the  machities  themselves  has  remanieii  practically  unchanged.  The 
m^nufaciure  arose  in  France  some  eighty  years  agci,  and  dovfD  to  IBM 
some  forty  patents  for  u&iUmaking  machinea  had  been  takeD  uot  in 
France.  Tlie  process  was  introduced  into  Germany  ab^ut  surty  yean 
ago,  and  made  r«pid  progress,  Germany  now  bving  a  large  exporter, 
In  IdQl  these  wtre-nail  exports  from  Germany  amounted  to  54»000 
tons,  valued  at  £550,000.  In  almost  at!  other  countries^  too,  this 
manufticture  has  made  progress,  and  in  Russia  there  are  about  twenty* 
five  such  works,  with  an  annual  production  of  75,000  ions,  kept  active 
by  the  heavy  protective  duties.  The  commoti  mt- th<Kl  of  manufi 
is  described,  and  illustrations  are  give  it  of  the  kiad^  of  macbinei 
ployed,  A  new  type  of  machine,  ile*sign©d  by  the  firm  of  Wikschtroai 
&  Bayer,  shown  at  the  Diisseldorf  Exhibition,  is  also  describcil  and 
illustrated.  It  is  claimed  for  this  machine  that  it  entirely  gets  over 
the  difficulties  experienced  with  the  machines  of  the  type  up  to  now 
in  use,  effecting  very  considerable  savings  in  waste  materml, 
having  about  double  the  relative  outturn. 


1 


Modern   Wire -Drawing   Practice,— W.    Garrett  J    discua 

modern  methods  of  wire  drawing,  and  his  account  in  StaJU  und  Eitm  \ 
is  accompanied  by  a  series  of  editorial  notes,  which  are  partly  in- 
tended  to   correct   the   author's   statements,  and  partly   to  show  in 
what  way  they  agree  with   or   differ   from   the   methode  in   use  at 
German   works.      The   author   remarks   that  In    no   branch  of  st«el  j 
mannfacture  has  the  United  Kingdom  and  the  Continent  of  Europt  I 
remained  so  far  behind  the  times  as  in  the  drawing  of  wm     The 
author  deals  in  the  first  place  with  the  subject  from  the  historical 
point  of  view,  attributing  rolled  wire  to  Cort.     Up  to  that  time  wirv 

tm-im. 

t  St^thl  nrmi  Eucn,  voL  xiiL  f>p.  516-513^  with  el^ht  illaitratimiJi, 
t  IMd,,  vul.  xxiL  p|>>  54&^fi&0f  with  editorial  ccimmetittw 
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l>7  steam  to  the  boil ;   allowed  to  stand  in   this   for  &  period  not 

exceeding  ten  minutes;  lifted;  lowered  into  water;  shaken  for  a  few 
seconds;  then  trajjsferred  to  another  tank  containing  boiling  milk 
of  lime  of  definite  strength^  meal  being  sometimes  also  added ;  allowed 
to  remain  in  this  for  a  few  minutes;  then  removed,  and  the  wire  sub- 
sequeiitly  charged  on  to  a  waggon,  atnl  nin  with  this  into  a  drying 
furnace,  known  in  the  United  States  as  a  **  baker,"  and  kept  there 
fer  a  couiile  of  hours  at  a  temperature  of  120**  to  150%  to  remove 
the  last  traces  of  acid.  It  ii  then  drawn  down  to  a  No,  IS  or  Ni>,  20 
size  without  being  first  annealed  or  subjected  to  any  other  preUmiairy 
treatment. 

Armour  Plates. — J,  Ca-^tner*  discusses  the  armour  plates  which 
were  exhibited  at  the  Diisseldorf  Exhibition,  After  referring  to 
previous  papers  which  have  related  to  the  progress  made  in  armour 
plates,  and  abstracts  of  which  have  appeared  from  time  to  time  in 
the  Journal  of  the  Iron  and  Sled  Imtitute,  the  author  observes  that 
it  was  the  hardened  form  of  armour  plate,  as  marKifae tared  by 
Kfupp,  accounts  of  which  appeared  in  1895  and  18^t>,  that  repre- 
sented the  best  form  of  armour  plate  that  had  been  manufactured  up 
to  that  date*  This  same  armottr  plate  still  holds  its  own,  and  the 
author  gives  details  as  to  those  exldbited  at  ti*e  Exhibition  above 
mentioned,  with  the  ballistic  tefita  to  which  they  were  aubjected^  and 
the  results  they  showed.  No  actual  analyses  are^  Ijowever,  given. 
The  different  kinds  of  armour  plates  described  are  of  various  kinds, 
rolled  and  cast^  soft  nickel  steel,  nickel  steel  hardened  in  oO,  and 
nickel  steel  hardened  on  one  face,  and  cast  steel  also  face  hardened. 
Armour  plates  for  protective  decks  are  also  dealt  with. 

L.  Bad  6  t  describes  the  armour  plates  exhibited  at  DU&seldorf. 

The  Mamifacture  of  Tin-Plate.— W.  H.  Tregoningj  descriW^ 
the  manufacture  of  tin-plate  in  South  Wales,  where  practically  ail 
the  tin-plate  of  the  world  was  made  until  189L  The  uses  of  tin- 
and  terne-plate  are  first  referred  to,  at  id  then  the  change  from  wrought 
iron  to  steel  is  noted.  The  sizes  and  weights  of  the  plates  are  then 
described,  and  the  si^es  of  the  billets  and  of  the  economical  sixe  of 
the  plates  produced  from  them  are  discussed.  The  arraiigem<?nt  and 
sizes  of  the  rolls  then  receive  attention,  and  the  prooeases  of  rolling, 

•  Stahf  ttnd  i^tffcn,  vol.  jiiii,  pp.  040^(153,  witli  sixteen  illuftrHtl^miu 

t  Omie  Citii,  v<.l,  xU.  i>p.  364  2fi8. 

X  Proc^Etiinga  of  tkt  inatitution  of  Mechanical  ^n0in^r»,  1901,  |^  IST^UflB, 
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The  Definition  of  SteeL — J.  0*  Arii(»M  *  discusses  tlie  question, 
"Is  it  possibla  to  my  what  is  steel,  so  as  to  ol^tain  ii  sharp,  legal 
di'finition  whit^h  will  uiierringlj  diatiaguish  genuine  hieA  from  its 
spurious  imitation  a  i "  Clit^mii^al,  mechatiicalt  physical,  or  microscopic&l 
methods  are  unfortunatidy  iti capable  ot  always  distinguish ing  iheiti. 
The  chemical  compoiitioiis  of  steel  and  of  malleabLe  ca&t  iron  hope- 
lessly ovei  lapped}  anfi  the  tensile  tests  obtained  from  certain  staeli  i^nil 
from  some  varieties  of  malleable  cast  iron  were  so  similar  tVmt  any 
attempt  to  disLingnish  one  from  the  other  on  mechanical  data  was  out 
of  the  question.  Physical  classificatioti  was  misleading,  since  aertaiD  ■ 
varieties  of  malleable  rast  iron  hArdeneil,  tempered,  and  let  down  just 
1  i  ke  ste  el ,  Ce  rtain  m  al  I  eabl  e  i  r  o  n  castin  gs  were  microscopical  ly  id  en  ticil 
with  certain  steels.  A  legal  definition  of  steel  mighty  however,  ba 
obtained  by  reference  tn  the  protieas  of  maimfacttire,  and  on  this  basb 
he  had  prepared  a  classification  which  sharply  defined  all  the  finished 
materials  produced  in  iron  and  steel  metallnt gy.  The  proposed  classi- 
fication was  as  follows^  and  is  essentially  ba^ed  on  well-estabhshed 
trade  teims,  which  imply  that  a  specifie  minje  involves  a  guarantee 
that  the  material  to  which  such  name  refers  was  acbstantially  prodneed 
by  its  own  specific  and  recognised  method  of  roann  facto  re  : — 

Maihahh  Wrought  Inm.  — Th  e  <  i  esign  atio  n  "  m  al  I  ea  b  I  e  h  rough  t  i  ron  " 
shall  apply  only  to  the*  products  phttiined  by  purifying  pig  iron  in  the 
Walloon,  Franciie  Comtd,  Lancashire  Hearth,  or  puddling  furnaces, 
so  as  to  produce  malleable  sponges  or  hallSj  from  which  are  forged,  or 
forged  and  rolled,  blooms  (or  billets),  slabs,  bars,  fdates,  »he«tSj  or 
other  sections  suitable  for  the  matjufacture  of  finished  articles. 

Malleable  wrought  iron  shall  be  distinguisht'd  from  ina]leabl#  cast 
iron  by  the  fact  that  it  contains  unexpresseii  slag  in  the  form  of 
elongated  streaks  lymg  in  the  direction  of  the  forging  or  forging  and 
rolling* 

*  Puper  tfinl  Kef  ore  the  Sheffield  Society  of  Engineers  anil  Metallurgiati ;  Irtmm&v^nr, 
\  »oL  ci,  pp.  136-141, 
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Sheared  Steels. — Sheared  or  Single  Shear. — Steel  faggots,  bars,  or 
finished  articles  shall  have  been  manufactured  from  Swedish  malleable 
wrought  iron  after  such  malleable  wrought  iron  has  been  converted 
into  blistered  bar  by  the  process  of  cementation.  Then  the  blistered 
bar,  after  the  operation  of  plating,  shall  have  been  piled  and  welded 
into  a  faggot,  which  faggot  shall  ultimately  have  been  rolled  or 
hammered  into  bars  or  shapes  suitable  for  the  production  of  finished 
articles. 

Double  shear  steel  faggots,  bars,  or  finished  articles  shall  have  been 
produce' I  by  nicking  into  two  portions  a  faggot  of  single  shear  steel 
and  then  welding  the  said  portions  into  one  faggot,  which  faggot  shall 
ultimately  be  rolled  or  hammered  into  bars  or  shapes  suitable  for  the 
production  of  finished  articles. 

Cast  Steel. — The  wor<ls  "cast  steel'*  on  blooms  (or  billets),  slabs, 
bars,  plates,  sheets,  or  finished  articles  shall  be  deemed  a  guarantee 
that  the  material  from  which  such  blooms  (or  billets),  slabs,  bars, 
plates,  sheets,  or  finished  articles  were  made  was  cast  in  a  fluid  con- 
dition from  a  crucible  into  an  ingot,  and  that  such  ingot  was  afterwards 
forged  or  rolled,  or  forged  and  rolled  into  the  said  blooms  (or  billets), 
slabs,  bars,  plates,  sheets,  or  into  other  sections  suitable  for  the  manu- 
facture of  the  said  finished  articles. 

Steel, — The  word  "  steel "  on  blooms  (or  billets),  slab",  bars,  plates, 
sheets,  or  finished  articles  shall  be  deemed  a  guarantee  that  the  material 
from  which  such  blooms  (or  billets),  slabs,  bars,  plates,  sheets,  or 
finished  articles  were  made  was  cast  in  a  fluid  condition  into  an  ingot, 
and  that  such  in<:ot  was  afterwards  forged  or  rolled,  or  forged  and 
rolled  into  blooms  (or  billets),  slabs,  bars,  plates,  sheets,  or  into  other 
sections  suital>le  for  the  manufacture  of  the  said  finished  articles. 

Steel  Castings, — The  term  "steel  casting"  shall  imply  a  guarantee  of 
(1)  a  caviling  which,  after  annealing,  shall  have  undergone  only  a 
surface  oxidation  of  its  carbon,  and  in  which  casting  the  strength  and 
ductility  developed  by  the  operation  of  annealing  shall  be  mainly  due 
to  a  recrystallisation  of  the  metal,  and  not  to  any  considerable  oxida- 
tion of  nor  change  in  the  condition  of  the  carbon  ;  or  (2)  a  casting  of 
such  chemical  composition  that  such  casting  posst*si:es  initially  the 
amount  of  strength  and  ductility  necessary  for  the  purpose  for  which 
such  casting  is  to  be  raised. 

Malleable  Cast  Irrm, — Articles  moulded  and  cast  into  shape,  and 
then  annealed  so  as  to  be  made  more  ductile  (a)  by  a  complete  or 
partial  oxidation  of  their  carbon,  or  (b)  by  a  change  in  the  condition 
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of  their  carboti,  eitber  aloua  or  acconipaDied  bj  a  p&rtial  oxidation  of 
their  carbon,  ahalL  \m  deJitied  a^  "toalleable  caat  iron,"  anii  Qe¥er  a« 
c^t  steel,  fiieelj  or  at  eel  castings » 

Exemptwm, — ^The  daSaitions  of  caat  steel  am!  steel  shall  not  applj 
to  gpeeiai  alloys  of  iron  which  are  most  suitable  for  use  in  their  cast 
state,  and  wliich,  therefore,  do  not  require  forging  or  rolling,  or  both, 
to  produce  in  such  alltjjs  the  requisite  physical  properties  for  the  par- 
poses  for  which  they  are  etnployeii.  Buch  alloys,  when  cast  from  a 
crucible,  may  be  legally  luarketl  eitber  cast  steel  or  steel,  ajail  wheri 
cast  from  an  Ofien -hearth  or  other  furnace,  or  from  a  Bessemer  or  other 
converter^  may  be  legally  marked  steel. 

In  addition  to  thef^e  definitions  and  to  comments  on  the  outcome  of 
an  action  arising  from  the  trade-marking  of  certain  forks  as  steel,  the 
author  gives  a  Yery  interesting  historical  review  of  this  queetion  m 
aSecting  Sht^ffield,  and  shows  that  it  is  not  the  Erst  time  that  the  oiae 
has  ariseiL 

C.  H.  Hidsdale  *  points  out  the  wide  range  of  material  covered  by 
the  term  steel,  and  shows  that  the  definitions  given  in  the  Ene^ 
ektpcBdia  Brifannica  were  correct  at  the  time.  It  is  thought  that  strei 
might  be  defined  or  classified  by  a  selection  of  at  least  two  of  the 
properties  chosen  from  mechanical,  physical,  or  chemical  data.  What 
is  wanted  is  not  a  definition  applicable  to  steel  generally,  but  a  di vision 
of  the  ranges  of  stt^el  into  several  typical  classes  witli  reasonably  widely - 
defined  limits  not  only  of  composition,  but  also  possessing  certain  pro- 
perties and  standing  prescribeil  tests.  It  would  not  be  fair  to  base 
the  classification  on  the  process  of  mannfactiire,  as  the  vital  point 
is  that  the  properties  be  rights  and,  provided  they  are^  proeess  b 
immateriaU 

Specific  Heat, — B,  Y.  Hill  t  has  iuvesiigated  the  specific  beat  of 
alloys  containing  nickel,  cobaltj  manganese,  and  iron  between  ISO*  and 
1000'*  0.  It  is  concluded  that  the  specific  heat  decreases  with  an  increMe 
in  j*ermeability. 

MetaUography, — A,  Sauveur  X  discusses  the  applies tiou  of  met 
graphy  to  foundry  work,  and  deals  with  the  following  pointe:  The 
close  analogy  between  the  structure  of  cast  iron  and  the  structure 
of   steel;    the   appearance   of   wrought   iron   under  the  microscope; 

•  Ir^mmmger,  vol.  oL  p.  234* 

4-  medri^al  R€^fiem,  1902,  pp.  403-404. 

X  Journal  of  the  Ajiierfmn  foundr^mtn*^  Auoeiaiwnf  vol,  %L  P»rt  tl,  fi*  601 
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A,  SauTenr  *  gives  a  leview  of  the  progress  of  metallograpliT  darin 

1901,  and  mentions  specially  the  efftjct  of  that  science  on  tlie  rollin 
tempersitare  for  fiiui^hing  steel  r&ils. 

Stmctiiral  Cbauf  es  in  OTerheated  Steel. — K,  F.  GoimnsBon 

give8    tiie    results    of  a  rtsijearcb    carried    out  by    liim    at   ColtimbI 
University  on  the  changes  of  struetnre  in  overhejit^  steeL     A  sieel 
he  saTi,  which  by  orerh eating  has  Wcome  coarsely  granuiar  can,  as 
well  known,  be  brought  again  to   fine- grained  struct  are  by  suitabl 
heating.     The  author  has  investigated  this  matter,  the  subject  forming 
an   examination    thesis   in   the    laboratory    of  H«.    M«   Howe,     Aft^r 
referring  to  past  investigations  in  this  direction,  the  author  observes 
that  in  his  own  experiments  a  hard  Bessemer  steel  was  ased  of 
following  chemical  composition  :■ — 


Cubob.  SiIjoou.  M»nsaiie«e.  Sulpliur^         Pbospboms^ 

I'aO  OD30  0*230  Oi)02  0-OSi 


2 


the  temperature  being  determined  by  the  aid  of  a  Le  Cbatelier 
pyrometer*  The  pointsi  Ar^  and  Ac^  were  found  to  lie  respectively 
between  G90'  and  700'  C,  and  740"  to  750'  C*  The  point  A ^  could  n 
bo  determined.  The  steel  was  iieated  to  1270*'  C,  and  then  cooled 
down  during  a  peri()d  of  forty -five  minutes  in  the  same  furoace.  Thej^ 
were  subsequently  re-heated,  and  the  author  shows  tho  Tray  in  wbieli 
the  jiearlite,  laartenaite,  and  other  forms  of  iron  changed  into  each  other 
during  this  treatment. 

The  Electric  Resistance  of  Steel  and  Iron.— C.  Benedicks  t 

diiscusses  the  electric  resistance  o\'  sieel  and  of  pure  iron«  Tbe 
hardness  of  a  metal  is  largely  affected  by  those  sn  be  lances  that 
are  dissolved  in  it;  it  is  probable,  too,  that  equivalent  quatititiei 
of,  for  instance,  H.,  C«,  Cn,  W.,  ifeCp,  cause  similar  increases  in 
the  hardness  of  iron  or  other  metals  if  homogeneously  dissolved  in 
them.  It  has  long  been  known  that  the  degree  of  electric  conduce 
tivity  of  a  metal  is  cloeely  connected  with  the  relative  hardness^  aojj 
it  is  to  be  a&B timed  is  dependent  on  the  same  causes.  To  ascertain,  in 
part,  how  far  this  might  be  true^  the  author  has  made  a  series  of 
Investigations,  the  results  of  which  he  now  gives.  The  material 
examined  was  the  so-called  Gysinge  electro-steel,  made  from  Danne* 

•  The  Mitftral  IndvHr^,  vol.  x.  pp.  6^9-7D0. 
f  Jrrnko-ntirHi  Aftnnf^,  wol.  Iviu  pp*  17*>1M. 
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IT  =  9.     Assumitig  the  exiitenoe  of  several  allotropic  fomui  of  troDy 

they  mast  all,  the  author  shows,  possess  the  same  electric  resEiUiiceu^ 
It  is  not  at  all  necessary  to  assume,  he  says,  that  y-iroti  is  hfli\ler  ibw 
a-iron,  the  dififereoce  being  solely  due  to  the  larger  quantity  of  dii- 
eolved  substances.  The  author  considers  farther  that  the  ezisietice  of] 
the  0^27  per  cenL  of  dissolved  carbon  to  which  he  has  drawn  attend 
is  identical  with  that  of  the  sorbite  also  observed.  The  author 
also  dealt  in  another  paper  with  the  magnetic  condition  of  rnagn^ 
cylinders. 

Magnetic  Properties  of  Iron* — ^lu  a  report  on  the  magnetic 
properties  of  iron  iiud  steel  at  liquid  air  temperatures,  Trowbridge  * 
diicnssea  the  magnetic  pernmability  of  liquid  oxygen  and  of  liquid 
atmospheric  air.  The  behaviour  of  permanent  magnets  and  Uie  per- 
nieability  and  hysteresis  of  iron  and  steel  at  very  low  temperatures  it 
considered. 

R.  Kichter  t  publishes  an  account  of  an  apparatus  for  the  maguetto 
testing  of  iron  sheets  which  enables  the  whole  sheet  to  be  teated, 
and  not  merely  a  piece  cut  out  of  it*  It  has  been  te-sted  expetiment« 
ally  by  Siemens  and  Halske,  and  was  found  to  give  satisfactory 
resulta  It  is  now  being  further  tested  by  the  Verbaml  deui^hei 
Sl^ktroterhmk^r  to  ascertaiii  whether  it  is  worthy  of  reoommenda^ 
tion  for  general  acceptance  as  a  itandard  apparatus  in  place  of  that 
of  Epstein. 

G.   F.   C.   SearleJ   and  T*  G.    Bedford  descrihe  their  method  fo] 
measuritjg  hysteresis  a!id  the  relations  between  hysteresis  aod  tension 
and  torsion  in  iron  and  steel  wires. 

R  Hiecke  §  discusses  Dina's  experiments  on  hysteresis  in  a  rotating 
field. 

J,  A.  Ewingll  points  out  that  some  doubt  exists  as  to  the  perma- 
nency  uf  the  standards  used  in  his  hysteresis  tester^  and  that  it  would 
be  preferable  to  compare  them  from  time  to  time, 

K  Wilson  H  considers  magnetism  in  a  rotating  iron  cylinder. 

E,  Wilson  **  deals  with  the  dissipation  of  energy  by  electric  cnrrenU 

•  Elt^ctrifftd  W^d,  1902,  pp,  a25-S2a 

t  Eidi^rot<echniaaht  ZtiUckrift^  vol.  jlhuu   pp.  491^92;  Slakl  wnd  Sisfn^  Wt^  u]l| 
p.  796. 

t  Fhila^hicid  Trwwitilimut  of  the  Mo^al  Somei}ft  voh  oxcriii  pp.  $S-104 ;  . 
in0i,  roll  Ijcviii.  pp*  34&'352. 

{  MeMroieohnu^  £€it^hri/t,  toI.  ixiii.  pp*  142-143. 

H   E^mur,  toL  j:mT.  p.  194. 

%  Prwadinffs  QftheEojfal  Saeidp,  vol.  bdv.  pp.  43&-449. 

*♦  Ibid.,  tdL  lii.  pp.  359-374. 
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with  au  in  create  of  time  iu  cooUng  during  annealing,  and  tlie 
after-effect  depends  on  the  rate  and  manner  of  cooling,  and  h 
thtj  permeability  m  greatefp 

C.  Barus  ^  shows  that  the  {>henometia  of  magDetoBtriction  involve 
YigeuBity  and  slip,  and  ex[)6rimen tally  shovra  that  in  the  presence  oC 
an  impresaeii  strain  a  Joiigitudiiml  magnetic  fielii  prodnces  IncreMid. 
riguiity  and  temporary  set,  and  that  tempamrj  and  permanent  id 
occur  In  twisting,  jtist  as  in  maguetisation. 

S.  Simo  t  discusses  and  extends  Kirehofi^^  theorj  of  msgneto- 
strietion.  H,  Nay  oka  X  ^^^  K,  Honda  also  have  itiv^sugifted  ihm 
effect  of  magiietosmction  or  variation  in  length  and  Tolnme  of  four 
uickel  steels  containing  25,  2d^  SG,  aiid  46  per  cent  of  nickel  in  ft 
magnetic  field*  C^  E,  Gnillaume  and  F,  Osmond  discusa  their  r^sattlta 
in  view  of  Dumas*  theory  and  also  in  other  ways. 

P.  E,  Shaw§  and  S.  C*  Laws  have  added  further  information  on 
this  subject  by  continuing  their  experiments  with  Shaw's  electric 
micrometer.  Bods  of  various  diameters  of  Swedish  iron,  mild  and 
hard  steels  were  tested.  The  ultimate  molecular  hehariour,  eveit  of 
samples  of  similar  com  position  and  well  anuealed,  seems  to  he  veiy 
irregular,  and  the  (pff'ect  of  varying  the  field  is  discussed. 

G,  Barlow  I  gives  the  results  of  an  investigation  having  for  its 
object  a  more  exact  determination  of  the  relation  between  the  change 
of  resistance  and  the  magueUsatiou  of  iron  and  nickel.  The  liyateresia 
of  resistance  was  found  to  be  of  such  importance  tiiat  tlus  phenomenon 
was  separately  examined. 

A.  Gray  ^  and  A.  Wood  describe  some  experiments  made  hf 
to  determine  the  eS'ect  of  a  lortgitudinal  magnetic  field  on  the  iiitemal 
viscosity  of  wires  of  nickel  and  iron,  as  shown  by  change  m  the  rate 
of  subsitlence  of  torsional  oscillations. 

C*  Benedicks  """^  gives  an  account  of  his  researches  in  the  polar  dis- 
tance of  magnetised  cylinders. 

A  summary  of  the  coiitents  of  William  Gilbcrt^s  book  on  the  migneti 
published  in  Latin  in  1600,  lias  appeared, ft 


•  Phpsiml  Eet'iev,  rf>h  liii.  pp.  SSS-im. 
t  /M„  pp.  15S-170. 

I  Comptes  Et initio  d^  rAtaddmit  den  St*en€€§t  vol.  exinln  p,  5dl»-^i30,  J 
§  Ekctnciun,  vol.  xWiil  pp,  6y&-702,  765-767* 

II  Ff<ocefdii}ifs  ofthf  Jto^fitl  So&iHp,  vot  Ixid-  pp*  30-12. 
II  Bid.,  vol  IxK.  pp.  im~W2, 

**  Bikautj  tUi  k,  nvtuka  vit,  ahtd*  handluig^kr,  voL  xxvii  F«4rl  I.  S^  H. 
ft  Ifaturt,  vol.  UfI  pit,  24^251.  '^ 
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instancea  sucli  a  ca^  in  which  a  tubular  boiler  was  put  into  oper&tiodi 
ill  1897.  It  serveil  to  heat  ttie  workiog  rooms,  and  was  nsaallj  lit 
operation  from  October  to  Aprils  and  it  was  cleaned  aboat  Chrifttmas 
and  Easter,  The  water  used  was  firit  passed  through  a  B^inert 
cleansing  apparatus,  and  practical  ly  no  deposit  was  found  in  th*"  boiler. 
Cracks  began  to  show  themselvef^  in  the  boiler  shell  in  Xovetnber  IS^E 
and  the  rivet^holes,  ton,  began  to  crack,  and  the  riveting  to 
unBatislactorj'.  This  grew  worse,  and  in  April  1901  tliorough  re] 
were  considered  necessary >  Ttie  author  describes  the  nature  of  Uie 
injuries,  and  observes  that  their  cause  is  to  he  traced  to  stralna  in 
the  material,  produced,  it  may  be,  by  the  treatment  to  which  it  was 
aubjected  in  the  shops  or  elsewhere,  which  subsec|uently  led  to  the 
cracks  wlien  tlie  boiler  was  at  work,  either  by  the  general  espaasion 
of  the  metal  or  by  the  direct  action  of  the  fiame.  The  metal  Itself  wiia 
of  good  qnalitr,  and  test  pieces  also  showed  tfas,  but  the  tensile 
strength  of  the  metal  had  increased  under  work  and  its  elongation 
grown  less,  while  cracks,  invisible  to  the  eye^were  found  in  the  ricioily 
of  the  larger  ones.  The  author  thinks  tfiat  the  fault  lies  in  the  trt- al- 
ment  of  the  metal  in  the  shops,  the  following  being  specifically  referred 
to :  (1)  After  the  plates  have  been  treated  by  the  shears  they  af«^ 
often  not  annt^aled  ;  (2)  no  annealing  after  making  the  riTet-holea;  ($) 
rolling  hot  instead  tA  cold,  and  without  subsequent  annealing-  (4) 
those  portions  which  for  one  purpose  or  another  are  heated,  as  in 
puncidng,  wehling,  &c,,  are  so  treated  in  the  open  smith's  fire  instead 
of  in  the  beating  furnace  ;  (5)  if,  in  consequence  of  carelessness  in 
manipulation,  the  fire-j^date^  show  bulges  or  indentations,  they  are  often 
simply  worked  up  in  tiie  hot  again.  Annealing  should  alw&ya  \m  per 
formed  in  the  heating  furnace  and  not  in  the  smith's  fire,  and  liending 
plates  hot  only  allowed  on  coniiitiou  that  when  they  leave  the  rolls 
they  are  still  at  a  dark  red  beat^  the  dangerous  blue  h^ttt  being  thus 
avoided.  This  the  autlior  thinks  is  difficult,  and  cold  bending  is 
preferable.  While,  too,  a  damaged  plate  sliould  not  be  bettered  by 
treatment  In  the  hot  owing  to  the  danger  from  the  blue  heat  stags^ 
it  would  seem  that  treattoent  in  the  cold  may  be  permissible,  thouglj 
this  seems  doubtful.  Soft  metal  should  always  be  used,  and  bard 
steel  never. 

Annealing  of  Steel— W,  M.  Carr*  points  out  the  necessity  for 
annealing  sieel  castings,  holding  that  brittleness  is  due  to  a  degre«  of 

*  Thf  Ftmndrif,  October  1901 ;  Meta/lQpraphiMt,  vol.  ^<  pp.  58-41, 
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Ab  inustration  is  given  *  of  a  300-ion  chain  testing  machine  bnOf 
by  the  Philadelphia  Machine  Tool  Company,  The  pulling  and  weigh* 
ing  mechanism  are  placed  at  the  same  end  of  the  machine,  which  will 
take  90  foot-Jengtha  of  chain,  The  hydraulic  cylinder  is  16  tnehee  in 
diameter,  has  a  stroke  of  1  feet,  and  is  supplied  by  lovr  and  high- 
pressure  pumps.  The  former  is  thrown  oitt  of  action  automatically 
when  its  pressure  of  SOO  iVjs*  is  exceeded,  and  the  stroke  of  the  high- 
[iressure  pump  is  adjuBtublt).  I'he  weighing  mechanism  is  of  the  com* 
potiiid  lever  type,  and  has  two  travelling  weights,  of  which  the  second 
comes  into  action  when  the  Erst  has  travelled  to  the  limit 

Testing  Cast  IrOE^^-K.  Moldenket  discusses  the  opinions  ex- 
pressed by  K.  Buchanan  |  on  testing  cast  iron,  and  dissents  from 
some  of  them,  especially  from  the  advisability  of  casting  the  t«et 
pieces  in  one  with  the  work.  He  prefers  to  east  t^t  samptes  la 
represent  material  in  the  ladle,  but  agrees  in  the  necessity  for  testing 
the  work  to  destruction  occasionaliy. 

At  the  June  n>eeting  of  the  American  Society  for  Testing  Materials! 
much  attention  was  given  to  the  testing  of  caat  iron,  IL  ^L  H* 
dealt  with  the  constitution  of  cast  iron  ;  li.  Moldenke  with  the  pi 
statug*of  testing;  T*  D,  West  witii  the  need  of  foundry  experience  for 
the  proper  inspection  and  testing  of  east  iron  ;  and  W,  Wood  referred 
to  specifications  for  cast-iron  pipe. 

The  shrinkage  tests  used  by  W.  J,  Keep  and  others  in  the  United 
States  and  other  methods  of  testing  cost  iron  are  referred  to^  ami  the 
method  of  carrying  them  out  is  described.  |{ 

P,  LongmuirU  discusses  the  nature  and  properties  of  cast  iron,  and 
especially  its  strength  as  affected  by  the  condition  of  the  carbon 
present^  and  the  effect  of  the  other  elements  on  the  cmrboit^  And  on 
the  metal  directly  and  indirectly,  including  sulphur,  phosphoma, 
silicon,  and  m:inganese» 

Theory  of  Oaat-Iron  Beams.— That  a  cast-iron  beam  will  bear 

a  much  greater  load  than   that   which   theoretically  sbouid  produce 
fracture  is  well  known,  and  £.  V,  Clark  *♦  shows  that  the  great  dia- 

•  Iron  TratU  lUm^Wt  M»y  22,  1902,  p.  4X 

t  En&ine^^^  Miti^tisifU^  rah  xxiii.  |»|i.  713-710. 

*  J&umat  f*f  tht  Inm  <md  SU^  htUUuU,  1902,  No.  I.  p.  034. 
I  Jrmi  Ai^t,  Ju»ie  ^p  1908,  pp.  5-4, 
n  Ernfinecr,  vol.  \&iu  PP*  fiatMSl. 
f  Jo^imai  qf  iht  Aiii^fkHn  FmmdrjfmefCM  A$$ui-ttLUitn,  vol.  *i.  Purt  L  \^\u  6I-4;a 

■•  Min^Aie4  ^f  trtKtMdmi;*  of  the  ImiUuii&mg/  Omi  t'ftffinett^^  vol  ciliK.  pn^  Sli<3l). 


~  ».*» 


-^  -,    r 


544  THE  ISQ5  A^D  STEEL  mDtJSTSElS. 

Ihe  mst  of  tlie  grain  dtmiiUBfaing  at  firat  from  tliat  of  Ibe 
liarnt  end  oniwardBf  and  then  gradually  agmin  tnereaiixig.  TW 
which  has  the  fracture  ^howtog  the  inest  grain  had  ike  ngbt 
(i€;rmture  for  Itardeniug,  and  shows  the  greateat  raabiance  to 
The  author  next  refera  to  v.  Telma jar's  method  of  teatlBg^  ma  vtiliird 
by  him  IB  1884-1885,  and,  dealing  with  the  suhjeci  historicaBr, 
meutiotis  the  Fariotia  papers  relating  to  the  tetdng  of  noidiod  le»l 
l^ecea  since  that  date,  a  number  of  papers  being  briefly  dealt  with. 
The  influence,  too,  of  extreme  cold  has  been  experimented  with  in 
ttiis  way,  and  it  was  found  that  the  notched  aamplea  showed  iho 
action  of  cold  better  than  did  thofie  which  bad  been  left 
touched.  It  Is  probable  that  the  raJue  of  strongly  notching  in 
eaie  of  tensile  and  bending  tests  lies  in  the  fact  that  this  le^s  to 
tlie  bar  fracturing  between  the  •e^eral  grains  of  the  met&l  witbonH 
these  latter  being  altered  in  uiy  pronounced  measure  either  as  regudi 
their  origind  shape  or  position.  The  experiments  described  by  Barfa» 
at  the  Stockholm  Congress  hare  led  to  a  aeries  of  further  inretti* 
gationa,  both  as  regards  tensile  and  bending  tests,  and  to  thess 
the  author  refers,  dealing  specially  with  those  of  Martens.  Percus- 
sive tests  made  by  Ast  are  aho  mentioned  in  some  detail,  as  well  as 
beudiog  tests  by  the  same  investigator  and  by  a  number  of  othei^ 
their  results  being  dealt  with  generally.  In  conclusion^  tiie  anthon 
observes  that  apparently,  of  two  samples  of  iron  of  otherwise  similar 
characteristics,  that  one  will  have  the  greater  tendency  to  fracture  in 
work  which  shows  a  granular  fracture  in  the  notched  tenaile  lemt.  It 
not  one,  but  both,  have  a  granular  fracture,  then  the  one  with  tho 
lowest  tensile  strength  will  be  the  worst,  and  if  both  show  the  samo 
kind  of  fracture  and  possess  the  same  tensile  strength,  that  one  whid 
has  the  higher  limit  of  elasticity  will  be  the  least  reliable.  Tlia 
author  adds,  however,  that  these  are  assumptions  only,  and  are  mo\ 
yet  definitely  proved.  There  Is  £till  no  method  of  testing  with 
notched  specimens  which  has  been  so  thoroughly  worked  out  in  all  it« 
details  that  it  could  be  accepted  as  a  de^uita  buyer's  test,  althongh 

to  the  general  value  of  such  tests  there  can  now  be  no  doubt. 

* 

Armour-Plate  Trials. — 11  In  si  rations  are  given*  of  thefi*ontand 
back  of  a  Krupp  cemented  casemate  plate  tested  at  Meppen  by  fivi 
6-inch  projectiles   weighing   112^   lbs,   each,  and  fired  with  st! 
velocities  of  1762  to  1896  foot-seconds.     The  shots  were  broki 
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S.  B,  Bfartm  deals  vttk  the  determination  of  tempetstov^  s 
demns  the  shrinkage  test ;  and  F.  £L  l>adlef  discusses  ihe  strength 
old  and  recent  rails,  and  thioks  that  the  output  need  not  be  limited  ta] 
ensiire  colder  rolling  or  the  manufacture  of  fine-grained  imh. 

H>  La  Chatelier^  comments  npon   the  inrestigationa  eained 
with  the  object  of  improving  the  qnatity  of  iteel  raOa  maBufactaied  in] 
the  United  Btate&     The  author  summarises  and  discusBea  Ifat  TOiQlt«| 
of  the  recent  researches  of  S.  S.  Martin,  IL  Job,  atid  A.  SinTeon 

B,  Job  t  diacuases  the  relation  between  stmctmre  atid  durabili^  of  I 
steel  ralk,  and  considers  that^  to  ensure  the  most  durable  rail  of  a  gi^en 
composition,  service  tests  prove  that  there  must  be  absence  of  brttlk^ 
neis  and  freedom  from  foreign  matter  and  the  presence  of  a  fio^J 
grained  structure.     Absence  of  brittlenesa  is  shown  by  tlie  abilitjr  to 
stand  a  drop  test  of  20OO  lbs*  falling  20  feet     Fine  granular  siructnre 
is  ensured  bj  stipulating  that  the  temperatura  of  the  ingot  or  bloom  ■ 
shall   be  such  that  with  rapid   rolitng,  and  without   holding  before 
or  in  the  finishing  passes  or  subsequently,  and  without  artificial  cooling 
after  the  last  pass^  the  distance  between  hot  saws  shaO  not  exceed] 
SO  feet  5 1  inches  for  SO-^foot  dO-lb.  raiK  or  a  proportionate  distance] 
for  other  lengths.     Discussion  on  a  similar  paper  by  the  same  author  I 
has  also  ensued  elsewbere.j 

■  BuilHin  de  la  SoeiiU  ttSneour^ancntpow'  Findvtttii  vnficnaft^  toL  ciiL 

t  TrauMaeti^ns  ^f  the  Avurican  Jn^fiCul^  itf  Mining  Engint^m^  Plitladeiph»  i 

Miiy  1902. 
X  J<tMmid  of  the  Frankiin  InstUuttt  roL  clir.  pp,  12l-X^. 
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Sulphur  in  Pig  Iron, — The  properties  of  sulphide  of  iron  and  tB3 
Etiite  hi  which  it  ocetirs  iu  east  iron  are  disetiBsed  by  B.  Le  Cbittelier* 
Mid  M.  Ztetglen     As  r^igards  the  ehemleal  composition,  analjies  shoir 
that  the  proportions  in  which  the  sulphur  and  iron  combine  vary  little 
from   that  of  0'8  part  of  sulphur  to  1  of  iron.     A  metallographical 
study  was  nece^Aary  to  obtam  an  exact  knowledge  of  the  constitution 
of  the  substance.     After  polisliing  the  surface  of  a  fragment  of  sulphide 
of  iron,    without   resorting   to   etching,    three   constituenta   may   b« 
observed.     First,  yellow  grains,  which  form  the  principal  part  of  the 
structure  ;  these  consist  of  the  pure  sulphide  of  irou.     Second ly^  shin- 
ing particles  with  a  metallic  lustre  more  pronounced  than  that  of  the 
sulphide  and  of  a  white  colour.     Placed  in  a  weak  solution  of  sulphate 
of  copper,   they  immediately  become   coated  with   copper,  and   they 
consist  of  metallic  iron.     Lastly,  between  the  yellow  grains  and  often 
surrounding  the  grains  of  Iron  a  suhstance  is  visible  formed  of  very 
fine  lamellDe,  which  exhibits  the  usual  constitution  of  eutectic  alloys  or 
of  pearlite.     One  of  tlie  components  of  this  eutectic  is  the  yeliow 
snlphide,  the  other  being  a  greyish  substance  resembling  in  colour  the 
slag  inclusions  in  iron  and  steel.      The  melting-point  of  stilphide  of 
iron  is  about  950°  C.     The  properties  of  expansion  at  increasing  letn- 
peratures  are  investigated,  and  the  authorii  show  that  when  heated  in 
air  sulphurous  acid  is  set  free,  and  oxide  of  iron  forms.     The  chemical 
equilibrium  of  sulphide  of  iron  is  also  considered*     In  conclusion,  the 
authors  discuss  the  state  in  whicii  the  substance  oceurs  in  c&st  iron 
and  the  influence  of  sulphur  on  nickel  steels. 

Influence  of  Silicon  on  the  State  of  the  Carhon  Present— 

A.  Letlebur  t  observes  that,  while  the  older  text-books  state  that  in 

tlie  manufacture  of  malleable  castings  the  percentage  of  silicon  preaent 

in  the  material  must  be  but  low,  later  observations  showed   that  if 

good  results  a1^e  to  be  obtained  at  least  0'4  per  cent  of  silicon  must 

necessarily  be  present,  whilst  even  a  higher  percentage—up  to,  indeed, 

as  much  as  1  per  cent. — could  be  present  without  bad  effects,  provided 

the  carbon  contents  were  not  so  high  as  to  lead  to  th«  formation  of 

^'raphite.     The  great  advantage   which  crucible  fusion   undoubtedly 

possesses  in  this  branch  of  the  iron  tradu  over  fusion  in  a  cupola 

dopends  partly  on  the  fact  that  siUcon  is  taken  up  from  the  material 

of  the  crucible,  while  in  the  cupola  silicon  is  burnt  out  of  the  iron, 

*  Baifetin  de  In  SocUt^  d'En&ntragtmerU  pour  VinduiiHt  natiitoiUc,  woh  niu.  fi|i,  3$^ 
SSI 
t  ^IftAl  uitd  Miten^  roh  xxi!.  .pp.  It$^l5. 
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Influence  of  Titamnm  an  Iron  and  Steel— It  is  not  «a  very 
loog  ag0,  observes  E.  BahiseHj*  that  the  pr«aeBc«  of  titanium  in  iron 
ores  wma  oonBidered  a  considerable  disadvantage.  This  wss  largely 
due  %Q  experiments  by  Akerman,  who  came  to  the  conclusion  that 
filagi  containing  Trom  8  5  to  10  |>er  cent,  of  titanic  actd  reqnired  more 
heat  U>  melt  them  than  did  sintilar  slags  without  any  titanic  acid. 
Later  experiments  showed,  however,  that  thie  belief  was  iBacetimte^ 
and  that,  indeed,  tho^  slaga  whicli  reanlbed  from  the  treatmeni 
of  titaniferons  ores  in  the  blast-furnace,  and  contained^  as 
alamina,  Hme,  magnesia,  and  small  quantities  of  ferrous  oxide, 
readily  fiisible  when  the  oxygen  in  the  silica  and  titanic  acid  boro 
to  the  oxygen  in  the  above*  mentioned  bases  approximately  th« 
ratio  of  4:3.  They  iiecome  less  fusible  than  pure  silieatea,  1iow« 
ewetf  if  the  base  ratio  becomes  higher  than  that  above-mentioned, 
Very  small  percentages  of  titanium,  or  even  none  at  all,  were  found  Uk 
pass  into  the  pig  iron  made  from  titaniferous  ores,  and  other  methoda 
than  that  of  the  blast-furnace  were  evidently  necessary  for  the  prepftnr 
tton  of  ferro-titanium.  The  Goldschtnidt  alumino- thermic  method 
now  admits  of  the  manufacture  of  titanium  allc^ys  free  from  earboiif 
and  various  papers  which  the  author  mentions  have  of  late  been  pab^ 
lished  on  the  influence  of  titanium  on  iron*  Titauiferoos  ores  ars 
widespread  in  their  occurrence.  They  contain  up  to  some  50  per  eent. 
of  titanic  acid,  ilraenite  having  theoretically  53'25  per  cent,  of  TiO». 
Butile,  too,  which  is  almost  pure  titanic  acid,  is  found  in  placet  in 
considerable  quantities.  Titaniferous  iron  ores  are  usnally  free  &iii 
Bulphur  and  phosphoric  acid ;  but  the  ore  from  Taberg  in  S^ 
forms  an  exception  to  this  rule,  containing  as  it  does  about  0'13' 
cent,  of  phosphorus.  Usually,  too,  they  contain  but  little  silica 
other  gangue,  and  are  therefore  well  adapted  for  conrersioD  into  A 
titanium.  Some  of  the  alloys  that  are  made  by  the  aid  of  a  bath 
aluminium  contain  from  10  per  cent,  to  T5  per  cent,  of  titanitini,  with 
0*1  to  0-5  per  centw  of  carbon.  They  are  of  use  as  additions  to  tUijot 
iron  and  ateel.  Other  alloys^  made  by  the  reducing  action  of  carhoOf 
contain  about  10  per  cent,  of  titanium,  together  with  a  eonslderabte 
amount  of  carbon.  This  carbon  occurs  as  graphite,  and  not  aa  cotn- 
bined  carbon.  The  titanium  is  therefore  not  present  in  the  form  of 
a  carbide.  It  Is  also  found  possible  to  produce  a  ferro-ticanium  with  ■ 
np  to  T5  per  cent,  of  titanium,  from  ores  which  contain  only  8  to  10 
per  cent  of  titanic  acid,  and  ores  rich  in  titanium  are  not  therefore 
*  SMI  *md  £um,  voL  xxii  pp.  326r-S30. 
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the  metal  of  inferior  quality,  Wmg  specifically  lighler,  fioirs  to  the  top 
of  thft  raould.*     Initructiona  have  been  issued  by   boiler  iu&uraucej 
associatioDs  to  tJike  testing  strips  from  both  enda  of  all  long  pl&tea. 

Corrosion  of  Steel  in  Sea  Water.— Usener  t  diseussea  the 

corrosion  of  raetals  in  sea  water.  According  to  him  every  material 
has  a  tendency  to  dLssolve  in  water,  the  action  of  which  depentla 
upon  the  temperature^  Dissolving  proceeds  until  the  osmotic  pressure 
of  the  solution  countetbalancas  the  dissolving  force  of  the  matenah 
That  metals  do  not  perceptibly  UfsBolve,  in  spit^  of  a  high  dissolving 
force,  18  due  to  the  peculiarity  that  they  only  go  into  solution  aa 
positive  ions»  The  metal  becomes  negatively,  the  liqutd  positively, 
charged,  and  the  further  solution  is  opposed  by  the  electric  forces. 
By  placing  two  metals  of  a  different  dissolving  force  in  tlie  liquid,  that 
with  the  greater  dissolving  force  will  become  more  strongly  negative 
than  the  other,  and  by  connecting  them  with  a  wire  an  electric  current 
will  flow  continuously  tg  the  negative  metal.  The  dissolving  force 
being  no  longer  resisted,  the  metal  will  pass  into  solution*  Tlie 
conditions  are  more  complicated  in  the  case  of  alloys,  and  the  latter 
may  be  divided  into  three  groups*  First,  mixtures  such  as  pearltte 
in  tempered  steel;  secondly,  solutions  like  amalgams,  or  martensite  in 
quenched  steely  thirdly,  chemical  compounds,  such  as  cementite  m 
steel,  aluminium-copper,  and  antimony -copper.  The  first  group  has  a 
dissolving  force  equal  to  that  of  the  coarsest  constituent ;  the  second 
has  a  force  which  lies  between  the  dissolving  forces  of  the  constituents  ; 
and  the  third  has  a  dissolving  force  which  is  independent  of  that  of 
the  constituents* 

G.  Johnstone  |  gives  some  notes  on  the  serious  deterioration  of  steel 
vessels  from  the  effects  of  corrosion,  and  states  that  his  experienoe 
shows  that  steel  corrodes  more  quickly  than  iron  in  the  tropics.  The 
points  where  corrosion  is  greatest  and  its  causes  are  discussed,  &nd  it 
is  considered  that  the  rust  should  be  removed  periodically  with  wire 
bruabes  and  good  paint,  or  preservative  composition  applied^ 

J.  W.  Post  §  concludes  from  observations  in  Bummtra  that  steel  rails 
exposed  to  the  direct  action  of  sea  water  in  tropical  countries  should 
be  heavier  than  the  normal  sections, 

*  MiUheUungtn  aug  d^  Pni^  dfs  Dampfkeifd^Beirklmg,  19^  pp*  632-633, 

f  MfUAckrift  df4t  Verancs  deu^cA^r  Ingeniettrft  voL  yItL  ftp.  BIS^IS. 

X  Tyo^THHteUGHn  of  $he  In$tituiion  of  Engin^rtt  and  Shtfifjuifd^-rt  m  Scf>llo^,  TtiL  xl** 

pp.  n-106. 

§  Organ  fUr  d4f  ForUohriiU  dt$  EitfVih^nm$iix*,  1901,  p,  SQ3* 
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shoald  evidently  not  be  allowed  to  be  exposed  to  atmospheric  action 
of  this  character. 

Melting-Point  of  Manganese. — Determinations  of  the  melting- 
point  of  manganese  show  it  to  be  at  about  1245"  C*  The  experi- 
ments were  performed  in  a  current  of  hydrogen,  as  nitrogen  enters 
into  reaction  with  manganese  at  temperatures  lying  between  1210* 
and  1220'. 

*  ZeiiKkrift  fUr  EUktrochemie,  toI.  viii.  p.  186  ;  SUM,  wnd  Euen,  toI.  xxii.  p.  1066. 
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e  differences  were  conBequecilf  very  great     Tbe  author  eottiideis 
It  the  following  might  be  considered  U»  be  permiuible  peroentagfl 
ferences  ;  Carbon^  0-030 ;  phoaphoni%  0*005  ;  $ulphiir«  0-005  ;  itllconf 
110;  manganese,  0-030;  and  for  copper,  0O05.     For  the  d^termiDft' 
ti  of  silicon  in  pig  iron,  he  thinks  the  Drown  method  a  satiafaeliarf 
e^  the  metal  being  dissolved  in  nitric  acid  and  then  eTapoimt«d  with 
phnric     For  manganese  in  steel  and  pig  iron^  be  recommeiida  two 
thoda — that  of  Deshayes  for  steels  and  pig  iiona  with  up  to  1  perl 
it  of  manganese,  and  tbe  Hampe  method  for  metals  with  hfgher 
^nganese  contents*    In  standardising  stannous  cbloride  aiid  potassium 
rmanganate  solutions,  the  author  strongly  recommends  tb«  use  of 
n  oxide.     The  Mohr  salt  gives  very  irregular  results,  and  the  com- 
litton  of  piano  wire  is  very  variable. 

?,  Bmchoff*  discusses  generally  the  arrangements  desirable  rii  % 
►oratory  intended  for  iron  analysis,  and  the  methods  of  analysis  la 
employed.     The  author  also  gives  in  tabular  form  tbe  reaulta  of 
^nninations  by  various  methods  of  the  carbon,  phosphonui,  sulphur, 
nganese,  silicon,  copper,  and  arsenic  in  over  fifty  differtnt  brands  - 
iron.     Dealing  in  the  first  place  with  the  absence  of  concordance  in  1 
results  of  iron  analyses,  the  author  observes  that  these  variatiout 
usually  so  great  as  to  lead  to  considerable  difficulty  in  the  s&le  and 
'chase  of  iron  and  steel  on  analysis^     It  is  generally  conceded  tliat  1 
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two  or  more  from  one  small  sample.  The  duratioti  and  co«t 
analyses  are  referred  tO|  and  the  balances  and  method  of  weighing  out 
are  paiased  m  review*  The  chief  causes  of  Inn  ecu  racy  in  the  aiialj^sei 
thamselTea  the  author  considers  to  he  the  inadequate  treatment  of 
precipitates  and  faulty  filtering  generally.  Then,  again,  alkalies  art 
readily  retained  hy  the  precipitates  and  filter  papers;  precipitates  that 
have  to  be  weighed  are  inadequatelj-  ignited  or  are  hygroscopic ;  ia 
burning  the  filter  some  of  the  precipitate  may  be  lost  as  dust ;  tlis 
weighings  are  done  at  different  temperatures;  dust,  &c.,  in  the  laborar 
tory  atmosphere  ;  non-destruction  of  organic  matter  in  certain  cases; 
and  unintentional  precipitation  of  one  substance  when  another  is  being 
precipitated.  With  regar<i  to  tiie  permissible  errors  of  works'  deter* 
minations^  the  author  gives  in  talmlar  form  the  limits  which  his  ex|>eri- 
ence  has  shown  to  be  allowable  in  tiie  case  of  iron  analysaa.  These 
include  :— 

Maximum  Permhsihh  Variation. 


Fflreeatftge  Faund. 

MiUEimum  ¥&dfttfoB* 

From. 

To. 

0  025 
0050 
0i)75 
0-100 
0125 
0150 
OT75 
0'20t) 
0  300 
0'400 
0  500 
O'SOO 
1000 

0. 

Am,  Cu,  p.  8. 
uidSL 

Mo/Ni,  widW. 

O'OOS 
0  025 
0-050 
(J  075 
0100 
0  125 
O'lfiO 
O^ITS 
0*2fi0 
0950 
0-450 
OTOO 
0-900 

Per  Cent 

0O02 
O-OOS 
0003 
0<K)4 
0  004 
0*005 
0*005 
OOOti 
0  008 
0010 
0^12 
0017 
O'02O 

Per  Cent. 

0-002 
O'OOa 

o-ow 

O004 

oixia 

0  006 

ODOe 

01)07 

0-009         1 

0D12 

O'OIC 

0-0221 

Oi*30 

Percent. 
01Kfc3 

oooe 

0WI7 
ODC» 
01)09 
01>13 
0D17 
0021 
0039 
0040 

And  for  over  1  per  cent.^  S,  3^  ai^d  4  per  cent,  respectirely  of  tb 
observed  percentage.  In  control  analyses  the  check  should  alwayi  h$ 
dono  by  a  diS'erent  method.  The  author  next  deals  in  detail  witli 
several  metliods  of  analysis* 

Analysis  of  Steelworks  Material,— H,  Brearley  *  and  F.  Ibboi« 

son  have  published  a  work  of  501  pagi^s  on  the  analysis  of  steelwork 

*   "The  AoalyniA  of  Ste^lv^orki  Material^**    L^^iidon ;  LongmaiM.  Gr«c>li«  ll  Oo. 
A  eop^  bmi  b«en  pr«wBDt(<d  bj  the  pubHiheFa.  to  tb«  Iji»litut«  librwiy. 
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proper  state  of  admijcture*     A  difference  of  »4ime  30  per  c«t»t  «rir' 
found  in  one  lampld  after  the  bottle?  bad  Ijeen  iiaed  eeveiml 
partty  emptied. 

To  recover  old  copper  solutions  used  in  the  determinauiiii  of 

in  Iron,  the  author  boils  them  with  potaa&inm  chlorate  and  hydro- 
chiorie  acid* 

At  a  conferBDce  of  iron  works'  chemiats  at  EkateriDburg.  it  wia 
resolved  that  for  the  de term i nation  of  carbon  in  pig  iroii  tkm  Corltos 
method  should  he  accepted  m  a  standard  method.  Graphite  should 
be  determined  from  tho  difference  and  by  direct  combustion^*  It  wis 
further  decided  to  determine  combined  carbon  by  the  Eggerta  meihod, 
using  for  check  purposes  standard  solutions  which  were  always  obtain* 
able  from  8tookho]m.  It  was  also  decided,  among  other  matlsri,  to 
use  the  Dittmar  mixture  in  the  fusion  of  chrome  ores^  and  to  subjeel 
various  methods  of  determining  the  several  consiltuenta  of  iron  atid 
steel  to  comparative  tests, 

li.  L.  Lefflert  gives  a  method  for  determining  carbon  in  st««^l  by 
direct  combustion,  Tlie  steel  borings  are  sifted,  and  2*5  grammes  of  tlie 
portion  passing  a  20-mesh  sieve,  but  retained  by  a  iO-meah^  is  mixed 
with  6  grammes  of  red  le&d^  placed  in  a  jvorcelaiu  boat,  and  after  dr)  ing 
in  a  water-bath  is  burnt  In  a  porcelain  tube  partially  iUed  witb 
copper  oxide.  The  tube  is  provided  with  arrangements  for  purifying 
the  inlet  air^  and  with  the  usual  calcium  chloride  tube  and  potash 
bulbs,  A  hot  furnace  is  necessary  for  the  combustion*  Special  steely 
such  n&  tungsten  steely  do  not  require  siftiug, 

F.  Bischoff  I  observes  timt  the  accurate  determination  of  the  total 
earbom  is  only  possible  by  combustion  in  oxygen.  This  method  eaiit 
he  observer,  be  well  effected  either  by  the  copper  chloride  or  by  the 
iodine  method.  In  the  former,  5-454  grammes  has  poured  over  it  2^0 
cubic  centimetres  of  a  cupric  chloride-am  m  oni  um  cl  do  ride  solution,  Thia. 
Is  matie  by  dissolving  340  grammes  of  CuOU+  H^O  and  214  grammes  of 
NH^Cl  in  1850  cubic  cantimetrea  of  water.  At  the  end  of  twenty  or 
twenty-two  hours  6  cubic  centimetres  of  hydrochloric  acid  of  1124 
specific  gravity  is  added,  and  the  whole  heated  to  40*  C  to  dissolve  the 
precipitated  copper,  this  being  then  completed  by  means  of  a  sbakin| 
apparatus.  The  se]iarate<l  carbon  is  collected  on  an  ignited  asbestos 
filter,  waahe<l  with  water  acidnlated  with  hydrochloric  acid,  and  finally 

*  Htakl  nnd  MiE&i%,  toU  xiii.  p.  443* 

f  (^hrtiUtsd  Nrics^  vol,  Uxiv.  pp.  121-122, 

+  Stahi  iiTid  £i3€ti,  vaL  ixiL  pp,  754-755. 
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Gorlei9,  who  effects  this  desired  result  by  the  use  of  U  tubei.  B^ 
doing  away  with  the  combustion  tube,  the  addition  of  copper  sutphatei 
and  allowing  as  a  correction  +2  per  cent,  the  length  is  still  further 
reduced.  This  latter  method  cau,  of  course,  only  he  employed  for 
works'  purposes.  The  U  tubes  readily  choke,  however,  and  even  witli 
their  use  the  length  of  apparatus  necessary  forms  a  considerable 
nuisance.  The  author  has  designed  an  apparatus  to  dvercome  thii 
difficulty,  which  he  now  describes  and  illustrates.  It  is  of  aimpli 
construction,  consisting  in  the  main  of  a  dissolving  flask,  a  gxnall 
combustion  tube  and  furnace,  a  vertical  moisture-abaarptioa  vessel 
and  a  horizontal  drying  tube,  a  couple  of  U  tubes  for  absorptio] 
the  carbon  dioxide,  and  then  a  further  horizontal  drying  tube, 
whole  being  mouuted  on  a  stand  and  connected  with  aa  aspirator. 

A*  Kleino  *  discusses  the  question  of  the  Masks  used  in  the  deter- 
mination of  carbon  in  iron  and  steel.  The  well >kn own  Corleia  flask 
used  in  the  oadiiation  of  such  carbon  by  chromic  and  sulphnric  acid  does 
not,  the  author  considers,  adequately  cool  the  gases  before  the/  leave 
the  flask.  He  has,  therefore,  designed  a  modified  form  by  which  a 
much  more  eflective  cooling  action  can  be  obtained. 

Determination  of  Fhospboms*— C.  E.   Manbyf  mentions   the 

eflect  of  annealing  shot  or  chiUed  iron  samples  in  the  determination 
of  phosphorus  by  the  permanganate  alkali  method.  McKenna  has 
proved  that  low  results  are  obtained  with  shot  samples,  but  tbis 
defect  is  removed  by  annealing  them,  To  effect  this  2  grammes 
of  the  sample  are  heated  to  a  bright  red  beat  in  a  platiuum  crucible 
for  two  minutes.  The  author  then  gives  in  detail  the  method  for 
determining  the  phosphorus  in  the  metal. 

It  may  be  of  interest  to  note  in  this  connection  a  aimilar  effect  of 
annealing  in  the  determination  of  sulphur4 

F.  Bischoffg  observes  that  the  method  in  which  the  phosphoric  add 
is  first  precipitated  from  a  nitric  acid  solution  by  molybdate  aud 
then  subsequently  determined  as  magnesium  pyrophospliate  is  an 
accurate  one.  He  adds,  however,  that»  instead  of  dissoli^ing  the  iron 
in  mtric  acitl,  iodine  may  be  used,  as  in  the  case  of  carbon*  This 
shortens  the  time,  but  some  phosphorus  is  apt  to  remain  undissolved, 

•  Ch^miker  Ziitung,  toL  ixvi.  p,  704 ;  Siahl  ttnd  Eittn,  toL  Miii  pp^  614^15,  wiUi 

onfl  iJluatrivtion^ 

t  JOWTloi  of  th^  Inm  fJtnd  iiteel  InttituUt  1902,  No,  L  p,  G5L 
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doing  til  is  some  mangaoeB©  la  also  precipitated,  and  it  is  therefe 
tJ&iml  to  redisBolve  and  reprecipitate.  It  is  better,  however,  to  proceed 
in  the  following  loanner.  The  solution  is  first  exactly  neutralised  with 
amtnoniH  and  then  with  ammonium  carbonate  in  the  usual  waj^  and 
then  transferred  to  a  strong  3-litre  flask  having  a  2-litre  mark.  Instead 
of  boiling,  the  flask  is  connected  with  a  Korting  water  air-pump,  but 
placing  a  similar  though  empty  flask  In  between  the  two.  The  pump 
being  put  in  action,  the  iron  beijins  to  precipitate*  If,  however,  the 
exhaustion  is  commenced  too  slowly^  the  solution  becomes  cloudy,  and 
only  clears  subsequently  very  slowly^  The  second  and  empty  flask 
Ber\'e8  to  collect  some  water  which  passes  over.  The  precipitate  faiU 
rapidly  to  the  bottom,  and  only  when  large  percentages  of  maoganeie 
are  present  is  there  any  marked  trace  of  manganese  in  the  iroQ  pre- 
cipitate. The  author  is  of  opinion  that  no  manganese  really  passei 
into  the  precipitate,  but  that  the  precipitate  is  very  hard  to  wash  free 
from  the  entangled  solution*  The  solution  in  the  flask  is  diluted  to 
the  24itre  mark^  well  shaken,  and  allowed  to  settle^  Tlien  from  this 
1  litre  is  transferred  to  a  graduated  flask,  and  from  this  half  of  the 
total  bulk  of  the  solution  the  manganese  is  precipitated  iu  the  usual 
way  and  weighed  as  Mn^O^*  This  method  requires  less  time  and  is 
more  accurate  than  the  ordinary  one. 

C.  Bolin^  discusses  the  determination  of  manganese  in  iroE  by 
means  of  bismuth  tetroxide,  and  describes  a  tiew  method  of  detenulii- 
ing  manganese  in  ferro- manganese  and  spiegeleisen. 

H*  P»  Talbot  t  aud  J.  W.  Brown  give  a  bibliography  of  the  analy- 
tical chemistry  of  manganese  from  1785  to  1900. 

Determination  of  Silicon. — C.  Eamorino  J  determines  the  silicon 

in  ferro-silicou  of  high  silicon  contents  by  slowly  heating  together  0-5 
gramme  of  the  finely  divided  ferro-silicon  with  10  grammes  of  fusion 
mixture  and  1  gramma  of  sodium  peroxide.  The  mast  fa  fusedi 
allowed  to  cool,  extracted  with  water  and  dilute  hydro<sbloric  acid ; 
10  cubic  centimetres  of  nitric  acid  and  2  grammes  of  patassium  chlorate 
are  then  added,  ami  the  whole  evaporated  to  dryness  on  the  water 
bath.  It  is  jl Daily  heated  to  110^  0,,  and  then  taken  up  with  200 
cubic  centimetres  of  water  and  20  of  hydrochloric  acid,  boiliuir,  and 
then  filtering  off  the  silicon.  After  ignition  this  will  be  found  per- 
fectly white.     The  manganese  in  the  filtrate  could  then  be  determined 

•  T^knitk  Tidikrifi,  A/dttnhipen  fUt  ktmi  ocA  bergn^et^iMkap,  roL  %%xil  fip.  64-46^ 

f  Bfnithnofttmn  Mii^fU^ncoiiM  C^tleetions^  va\.  ili. 

t  Mmiitmr  Scienli^m^^  tuL.  jfi.  p.  18  ;  Stiiht  un4  £iien,  t©1.  isiL  p,  417. 
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The  methods  of  determination  which  he  comp&res  in  the  case 
iiilphiir  include  the  iodine  and  silver  methods.  In  the  former  the  metftl 
IB  dtssolvedi  aa  in  the  caee  of  carbon,  bj  water  and  ftoHd  iodine,  bat 
great  care  hm  to  be  taken  in  the  filtering,  as  smalt  particles  of  sulphur 
iodide  readily  pass  through  into  the  Bltrate,  After  wasking  with 
hot  water,  the  filter  with  its  contents  is  charged  into  a  poreelain 
crucible,  covered  with  a  mixture  of  nitre  and  caustic  potash,  and  the 
whole  fused.  The  sulphur  is  subsequently  determined  hy  the  aid 
of  barium  chloride  in  the  ordinary  way.  In  the  silver  method,  as 
modified  by  the  autiior,  the  gases  arising  from  the  solution  of  the 
metal  in  hydrochloric  acid  are  passed  through  a  Liebig  cooler,  and 
are  then  drawn  by  means  of  an  aspirator  through  two  U  tubes  filled 
with  an  amnio niacal  solution  of  silver,  either  nitrate  or  chloride. 
The  precipitate  formeii  is  filtered  ofi*,  washed  carefully  with  ammoniacal 
water,  and  dissolved  in  nitric  acid*  The  silver  present  is  then  deter* 
mined  by  titration.  This  gives  direct  the  sulphur  contents^  as  the 
silver  is  always  present  as  silver  sulphide*  Even  the  organic  sulphur 
produces  this  same  compound  of  stiver*  If  it  is  desired  to  detej 
the  two  gaseous  forms  of  sulphur  separately,  tlie  total  sulphur  can 
determined  as  above,  and  the  inorganic  sulphur  contents  determined 
by  passing  the  mixture  through  a  lead  solution,  the  organic  sulphur 
not  acting  on  this^  A  chlorine  method  for  th«  determination  of 
sulphur  is  abo  described.    All  three  methods  give  concordant  restilti. 

H*  Goeckel  *  and  J.  Wolfmanii  have  devised  a  modified  form  of  the 
Wiborgh  flask  for  the  colorimetric  determination  of  sulphur.  An 
illustration  accompanies  their  description,  and  they  claim  that  their 
modification  renders  the  apparatus  less  fragile  and  generally  easier  to 
manipulate, 

A.  Grabe  f  gives  a  number  of  results  to  show  the  accuracy  af  the 
Wiborgh  method  of  determining  sulphur  in  pig  Iron  and  ateel,  and 
illustrates  the  form  of  apparatus  to  be  adopted. 

Determination  of  Copper. — H*  Koch }  recommends  th&t,  when 
it  is  a  question  of  determining  the  copper  contents  in  iron,  the  meUil 
should  be  dissolved  in  dilute  sulphuric  acid.  The  copper  will  then  eoL 
in  the  undissolved  residua  To  effect  this,  100  grammes  of  the  fiUogsi 
first  covered  with  200  cubic  centimetres  of  dilute  sulphurie  acid  of  the 

*  SiAhl  und  Eiaen^  yoL  slsau  p.  671*  with  one  illtutimtion. 

t  Ttkni$k  Tidikrift,  Afdeininffen /Sr  kemi  och  btr^tveimtkifp,  'toL  xxiJL  ppv  B^9L 
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of  tbe  aample*  contained  0*010  per  cent  or  lese  of  copper,  twentj-thral 
from  001  to  005,  seven  from  0  05  to  O'l,  wliile  four  hmd  more  tlkiJi 
0'2  per  cent. 

DdterminatioE  of  Arseoic* — F.  Bischoflf'"'  deak  with  the  sepsfm- 
tion  and  determination  of  arftenle  and  copper*    Incidentally,  the  Miibor 

observes  tbat  the  opinion  so  widely  held  formerly  as  to  tbe 
deleterious  eff«^ct  exerted  by  copper  on  iron  is  noir  known  to 
accurate^  In  addition  to  thts,  he  Adds,  as  the  iron  ore  workingi  at 
Danriemora  and  elsewhere,  as  for  instance  Siegen,  have  gone  to  the 
deep,  the  percentage  of  copper  present  has  diminished.  In  detennm- 
irig  the  copper  and  arsenic  in  the  solution  of  the  iron^  m&de  withoat 
Hltr^'ttion,  a  current  of  sulphuretted  hydrogen  is  passed  for  half -an* 
hour  through  the  solution  at  a  temperature  of  about  70*  C.  TMb 
is  then  covered  an  (I  all  owed  to  stand  in  a  warm  spot  for  about  tea< 
hours,  when  it  is  filtered  and  the  precipitate  washed  with  sulphuretted 
hydrogen  water,  keeping  the  whole  covered  as  much  as  possible.  The 
filter  and  its  contents  are  charged  into  a  beaker,  and  a  solution  of 
sodium  hypocfilorite  added  of  about  10  per  cent,  strength,  A  eturent 
of  chlorine  is  theji  passed  throngh,  until  the  solution  is  distinctly  green 
in  colour,  After  standing  for  a  few  hours,  it  is  filtered  and  weU  wa«hed 
with  hot  water.  Hytlrochloric  Jicid  is  addefij  and  hy  long  boiling  the 
whole  of  the  free  chlorine  Is  driven  out.  The  solution  is  then  plaised 
in  a  phitinum  dish^  caustic  potash  is  added  to  effect  precipitation, 
the  whole  boiled.  After  filtering  and  carefully  waahiug,  the  wl 
the  copper  will  be  found  on  the  filter  paper  as  a  pr«^cipitatet  irhil«»  aQ 
the  arsenic  will  have  passed  as  arseniate  into  the  solution.  Thia 
in  then  acidulatt'd  witli  hydrochloric  acid,  A  considerable  quantity  of 
ammonium  chloride  ia  added,  and  the  whole  made  amiumuAc&L  After 
tborouf^b  cooling  Uie  arsenic  is  precipitated  in  the  usual  wmy  with 
magnesia  mixtnre  and  ammonia^  ignited,  and  weigiied  as  Mg^Aa^O^ 

Determination  of  Calcium-^A.   Ledebur  t   obsenres  that  the 
statement  of  G,  VV^atson  Gray  |  to  the  effect  that  the  ferro'silicon  pro^ 

dnced  in  the  electric  furnace  always  contains  calcium  and  m^nesiuni^ 
and,  indeed,  considerable  quantities  of  the  former,  is  so  contrary  to  all 
previous  beliefs  on  this  point  that  a  new  Investigation  of  the  qnestion 
aeamed  desirable.     He  therefore  instituted  experiment^  the  results  of 

•  sSiaht  ufid  Kis^n,  vol.  ^%n.  p.  7b€. 

t  ihuL,  pp.  no-7ia. 
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whkh  he  now  gives.  In  the  first  place^  however,  he  deals  with  the 
subject  historical ly,  itml  refers  to  the  bt'lief  commonly  held  that  the 
small  quantities  of  caleium  and  maL^nesium  which  are  occasioDally 
observed  in  connection  with  analyses  of  iron  are  due  to  errors  of 
analysis.  Extreme  care  was  therefore  taken  in  making  the  analyses 
of  the  samples  obtained  in  these  testa.  All  the  so-called  pure  filter 
papers  contain  some  of  the  elements  in  questiorij  and  not  only  add 
solutions,  but  even  ammoniacal  ones  dissolve  out  ilie  alkaline  eartlis 
when  filtering.  The  filter  papers  used  must  he  therefore  first  very  care- 
fuily  washed  with  hot  dilute  hydrochloric  acid  and  distilled  water*  The 
danger  accompanying  the  use  of  large  filter  papers  can,  however,  he 
avoided  if  the  iron  and  manganese  are  precipitated  by  ammonia  and 
ammonium  sulphide  in  a  fiask  of  3  or  4  litres  capacity,  the  whole 
dihited  to  the  mark,  well  mixed,  the  flask  corked,  aiitl  allowed  to  settle 
for  some  days,  and  the  clear  solution  then  decanted*  If  small  quantities 
of  tlie  precipitate  also  pass  over,  these  can  b€  subsequently  filteriid  off 
on  a  very  small  filter.  The  decanted  solution  is  aciiiulated  with  hydro- 
chloric acitl,  evaporated,  the  ammonia  driven  ofTj  and  the  residue  after 
solution  in  hydrochloric  acid  re  precipitated  as  before.  The  fact  that 
the  bulk  of  the  decanted  solution  is  not  quite  identical  with  the  actual 
solution  to  be  dealt  with  does  not  matter,  in  view  of  the  small  percent^ 
ages  of  lime  and  magnesia  to  be  determined*  The  reageuts  to  be  used 
must  also  be  carefully  examined,  and  the  author  instances  a  case 
in  which  the  presence  of  magnesia  was  constantly  observed  in  certain 
nickel  analyses,  with  the  result  that  it  was  subsequently  found  that 
the  ammonia  in  use  contained  magnesia.  Platinum  vessels  should  be 
used  where  possible  for  evaporation* 

The  first  experiments  now  described  were  made  at  the  Lauch hammer 
ironworks*  In  view  of  the  cost  of  pure  calcium,  this  was  replaced 
by  calcium  carbide.  This  carbide  contained  62 '5  per  cent,  of  calcium 
and  37*5  per  cent,  of  carbon.  Instead  of  magnesium,  which  could  not 
for  the  moment  be  obtained  in  adequate  quantity,  the  alloy  of  alu- 
minium and  magnesium,  known  as  magnalium,  was  employed.  The 
experiments  consisted  iu  placing  1*5  kilogrammes  of  calcium  carbide 
in  the  bottom  of  a  pre*heated  crucible,  and  then  pouring  on  this 
40  kilogrammes  of  the  metal  from  the  ladle  after  tapping  an  open- 
hearth*  This  iron  contained  O'lO  per  cent,  of  carbon  and  0*46  per 
cent,  of  manganese.  The  molten  metal  in  the  crucible  was  well  stirred, 
and  the  covered  crucible  heated  for  ten  minutes  in  a  coke  fire  before 
its  CO  11  tents  were  atlrred  and  poured.     No  trace  of  calcium  was  subse- 


quontly  found  ifi  the  iron,  which  then  contained  0'13  per  C€nt- 
carbon*  Similarly,  60  kilogrammes  of  the  open-hearlh  metal  wai 
poured  ijn  0^5  kilogramine  of  magnaliura,  and  the  whole  treated  u 
before.  AUimiuiiim  was  found  in  the  product,  but  magnesium  could 
not  be  detected.  In  the  oii&e  of  these  experiments  there  waa  iht 
possibility  that  the  oxygen  eonteiUs  of  the  iron  miglit  have  caused 
the  oxidation  of  the  ciileiuM  and  magriesmm.  Other  experiments 
were  therefore  made  with  crucible  eteel,  calcium  carbide  being  agaia 
used  instead  of  calcium,  but  metallic  magnesium  being  now  employed 
and  not  magnalium.  These  experiments  were  made  at  the  Annen 
cast-steel  works.  The  calcium  carbide  very  considerably  increased 
the  carbon  contents  of  the  steel,  but  again  no  trace  of  calcium  could 
be  found  hi  it  A  similar  experiment  with  magnesium  gave  a  product 
containing  0  002  per  cent,  of  magnesium.  Both  sets  of  experiments 
thertjfore  show  that  molten  iron  or  steel  cannot  take  up  at  the  mmi 
more  than  very  small  traces  of  calcium  or  ma^esiuro*  Similar  ex- 
periments with  ferro-silicon  gave  identical  results^  butjas  Watson  Graj  i 
experiments  were  made  in  the  electric  furnacej  it  seemed  possible  that 
the  difTerence  in  the  mode  of  production  might  be  the  cause  of  the  diflft^r- 
ence  in  the  rbsiilts;  and  this  proved  to  be  the  case,  for  two  samples  of 
ferro-silicon  made  in  this  way  were  found  to  contain  * — 
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Watson  Gray's  investigations  are  therefore  accurate.  The  author  thinks 
that  possihly  in  the  electric  farnace  calcium  siiiclde  is  formed,  and  that 
this  is  soluble  m  iron  rich  in  silicon.  Calcium  silicide,  he  adds,  has 
been  frequently  prepared  in  this  way. 

Instead  of  the  ordinary  method  in  the  determination  of  calcium 
of  precipitating  by  ammonium  oxalate,  Pagireflf  *  proposes  to  neutralise 
the  calcium  solution,  to  add  an  excess  of  oxalic  acid,  then  ammonia 
until  the  solution  is  slightly  alkaline,  and  finally  to  boil  until  the 
excess  of  ammonia  has  been  got  rid  of»     The  resulting  precipitatt*, 

•  X  rufi.  ph»/$.  chfiii.  Gt$.^  19U2,  p,  195;  CctUrMktU,  1902,   p.  1307 ;    Siahi  t^nd 
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evaporated  until  fumes  of  sulphuric  acid  appear*  When  cold^  400 
cubic  centimetres  of  water  is  added^  and  the  liquid  is  heated  unul 
solution  ii  complete.  Tlie  sohitiou  is  now  trauaferred  to  a  litre  flitk, 
100  cubic  centimetres  of  ammonia  of  specific  gravity  0'90  is  added, 
and,  after  standing  in  cold  wat^r  for  an  hour,  the  contents  are  madt 
up  to  the  mark  with  water.  Five  hundred  cubic  centimetres  of  the 
filtrate  is  mixed  witli  40  cubic  centimetres  of  sulphuric  acid  of 
specific  gravity  1-GO,  paaaed  through  the  reductor,  and  titrated  with 
permanganate.  After  deducting  the  amount  indicated  hj  a  blatik 
experiment,  the  vdue  of  permanganate  in  iron  is  multiplied  by  0*605. 
Tungsten  must  be  removed  before  the  evaporation  with  sulphuric 
acid;  chrofnium  exercises  an  influence  on  the  titration  even  when  m 
much  as  8  per  cent,  is  present* 

G.  Auchy  *  dissolves  1  '308  gramtnes  of  the  steel  in  a  large  exoesa  af 
nitric  acid,  with  addition  of  a  little  potassium  chlorate ;  the  nitric  acid  it 
completely  ex[>elled  by  boiling  and  evaporation  with  liydroehloric  aci^i, 
and  the  mass  dried  to  render  silica  insoluble ;  a  fresh  quantity  of 
hydrochloric  acid  is  added,  and  the  solution  evaporated  utitil  a  scum 
begins  to  form.  Five  cubic  centimetres  of  hydrochloric  acid  diluted 
to  20  cubic  centimetres  with  water  is  now  added,  and  the  mixture 
ia  heated  until  couiplete  solution  has  taken  place,  when  it  is  diluted 
to  50  cnhic  centimetres.  The  filtered  solution  is  now  slowly  poure*!  ■ 
into  a  300  cubic  centimetre  flask,  containing  100  cubic  centimetres  of  m 
water  and  20  grammes  of  sodium  liydroxide,  well  shaken,  and  made  u^i 
to  the  mark.  After  settling  and  filtering,  200  cubic  centimetres  otthe 
hltrate  is  collected,  boiled  down  to  100  cubic  centimetres,  acidified  with 
sulphuric  acid,  reduced  with  zinc,  and  titrated  with  permanganate. 

It  is  very  important  to  make  a  blank  test  with  steel  free  from 
molybdenum,  but  containing  the  same  amount  of  chromium  as  the 
sample,  and  to  be  careful  to  use  exactly  the  same  amount  of  hydro- 
chioric  acid. 

L&boratOrj  Funi&C6. — L,  Liebmann  I  describes  a  m^odified  form 
of  the  Moissau  electrical  furnace.  It  is  of  simple  construction,  and 
the  various  details  are  shown  by  the  aid  of  illustrations*  It  ia  claimed 
for  it  that  it  is  always  ready  for  use ;  that  it  is  a  matter  of  iudiffc^reuce 
whether  the  charge  is  only  20  grammes,  or  aa  much  as  15  kilogramme^ 
or  even  more  ;  that  it  is  cheap  to  make  and  also  to  keep  in  repair ;  that  i% 

*  Jonnuif  of  the  Amrriran  Chrjfikal  S(tciety,  voU  xaciv,  ]>|i»  273-275. 
t  2tit9Chrift  fitr  Elrktrochatiii'^  vol.  wiii,.  No.  0  ;  Siahl  und  Eiwnt  vol-  JErii.  pp.  i$S^\ 
Willi  fiv«  inu£tr»ii{rQ£. 


S74 


THE  IBOW  AND  STitEL  IHDUSTRin. 


and  htiiidng  on  the  water  bath.  From  this  solution  ibe  nm  mmj  ht 
precjpiutect  by  ammonia,  filtered^  diaaolved  in  solplmric  Mid,  iiid 
reduced  bj  Bine. 

The  author  con  aid  era  that  in  standardising  permaiiga.nate  solati<iiia 
it  U  |>reierable  to  use  &n  iron  ore  in  the  place  of  metallic  iron.  A 
very  fitiely  powdered  pura  iron  ore  is  at  leaat  as  eqnallj  homogeneom 
ill  coui position  as  a  wire,  without  being  so  Buhjeet  to  change  hj  oxida- 
tion* The  author  uses,  amongst  other?,  a  magnetic  irem  ore  ooniainiag 
99  per  cent,  of  Fe^O^,  wliich  lias  the  advantage  that  it  doeft  oot  lake 
up  moisture.  The  author  firat  obtained  in  quantity  enougli  to  laal 
bim  for  yearly  and  tlieu  analysed  it  carefully.  If  the  Beinliardt 
method  is  etn ployed,  aa  it  usually  is,  it  h  best  to  standardise  mth  the 
ore  ill  tlie  same  way  as  the  iron  is  dealt  with,  that  is  to  s^y,  wi^  & 
hydrochloric  acid  solutioni  m  the  standard  so  obtained  differs  aome- 
what  from  that  result! t»g  from  the  use  of  oxulic  acid  or  iron  in  a 
sulphuric  acid  solution.  Apart  from  the  aboYe,  oxalic  acid  and  its 
compountis  alter  somewhat  with  time,  and  can  therefore  only  he  nsed 
for  standard isfng  after  careful  examination. 

Morgan  *  findi  that  zinc  lightly  coated  with  copper  ia  more  effective 
and  rapid  in  the  cold  than  granulated  zinc  or  sine  dust  for  reducing 
ferric  salts  for  titration. 


Determiliatioil  of  Titanium, — S.  Burman  t  describes  a  simple 

method  for  detet^jjiitiiug  titiiuium  in  iron  ores.  After  reduction  of  the 
finely  powdered  sample  in  a  current  of  hydrogen  and  solution  in  dilute 
hydrochloric  acid,  the  residue  is  fused  with  soda  and  then  lixiviated 
with  water*  It  is  then  treated  with  hydrochloric  acid,  and  after 
addition  of  sodium  hydrate  the  precipitate  {titanic  acid  and  some  ferric 
oxide)  ie  fuH^d  with  potassium  bisulphate,  and  the  mass  treated  with 
water  with  the  addition  of  alkali  bisulphate.  The  solution  is  n**utra]- 
ised  and  an  excess  of  sodium  or  ammonium  acetate  added,  On  boiling, 
the  flocculent  titanic  orthohydrate  separates  out. 

The  Analysis  of  Flue  Dust. — L  Schneider  j  discussi's  the 
methods  of  anal}'siH  of  blast-iurnace  dust.  This,  he  observes,  contains 
various  poisonous  cyatiogen  compounds.  These  include  potassitam 
ferrocyanide,  potassium  sulphocyaoide,  potassium  cjaiiaie,  and  pota^ 
si  urn  cyanide.     By  dig<*stion  with   water  a  solution  results  which  is 

*  Anaij^iti  roL  rxTi  ii^  226. 

t  Tfkniik  Tid^kfift^  A/dalnintjm  for  krmi  tmk  beFffW€if9i*kap^^  vul.  uLxn.  p|».  T6-T7. 
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(4)  The  precipitate  from  (3)  is  next  digestetl  far  an  hour  at  lOO""  & 
witli  a  mixture  of  one  part  of  water  with  one  of  strong  nitric  acid, 
This  caitaeg  the  whole  of  the  cyanide  eonipounds  to  pass  into  aolution. 
Only  silvtsr  chloride  and  yellow  persulphocjanic  acid,  resulting  frotn 
the  decom position  of  the  sulphocjanide,  remain  undissolTed.  If  the 
solution  is  diluted  with  an  equal  quantity  of  water  and  Altered  ai  a 
boiling  heat,  scarcely  any  silyer  chloride  worth  mentioning  remains  in 
solution.  The  dissolved  silver  in  the  filtrate  can  be  precipitated  by 
hydrochloric  acid,  and  corresponds  to  the  three  cyanide  eompounds^ — 
silver  sulphocyanide,  silver  cyan&te,  and  silver  cyanide.  It  follows 
that  from  this — 

(5)  The  silver  cyanide  can  be  calculated  from  the  difference.  The 
potassium  cyanide  contents  of  the  solution  may,  however,  also  be 
determined  direct  by  a  very  characteristic  reaction.  It  is  not  preeipi* 
tated  in  an  ammoniacal  solution  by  potassium  iodide,  whereas  this 
precipitates  all  other  silver  salts  from  a  dilute  ammoniacal  solution. 
Consequently,  if  the  solution  which  is  obtained  by  digesting  the  blast- 
furnace dust  with  water  is  treated  with  ammonia  and  ammonium 
carbonate,  and  silver  nitrate  is  added  in  eicess,  a  precipitate  of  f erro- 
cyanide  results,  which  can  be  filtered  off.  To  the  filtrate  potassium 
iodide  solution  is  added.  In  the  presence  of  ammonium  carbonate 
the  precipitated  silver  iodide  rapidly  collects  into  lumps  if  shaken  in 
the  presence  of  an  excess  of  potassium  iodide.  The  silver  remaining 
in  the  solution  is  precipitated  by  bydrochh.>ric  acid. 

Potassium  cyanide  so  readily  undergoes  decomposition  by  exposure 
to  the  air,  with  conversion  into  cyanate,  that  very  little  of  it  is  to  be 
found  in  blast-furnace  dust. 


DeterminatioB  of  Graphite  in  Ore, —A.  G.  Still  well*  describes 
a  method  for  tlie  determination  of  graphite  in  ore.  From  a  i|narter 
to  I  gramme  of  tlte  sample  is  heated  to  rednc-ss  in  a  deep  platiniim 
or  porcelain  crucihle  to  drive  off  organic  matter.  It  is  then  boileti 
with  dilute  hydrochloric  acid  to  decompose  carhoiiate!^^  and  filtered  on 
to  ignited  asbestos.  The  residue  is  treated  with  chromic  and  sulphuric 
acid  in  an  evolution  apparatus,  and  the  carbonic  anhydride  is  rolkcted 
in  potash  bulbs.  Some  results  are  given  and  also  an  illustration  of 
the  apparatus. 

•  i/ijunia/  o/  the  Sttfiietif  of  ChemitHi^l  lnfiu9irp,  voL  xth  iijk  75^760* 


i*.   -  * 
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ii  ma4e  to  keep  the  conditions  ae  constaiit  &a  possible,  mod  for 
puq>o«e,  inter  alia,  the  condensers  are  water-jacketed.     AJl  posalteJ 
referred  to  tlioBe  obtained  from  a  standard  coaL 

Arsenic  in  Anthracite* — H.  Job  *  and  J.  B.  Young  bare  ana 
four   samples   of  PeDnsylvania   anthracite  for  arBenic     One   aample 
contained  0^0003  per  cent,  and  the  others  noue« 


IV,— e^;?  ANALYSIS, 


Analysis  of  BlaatFurnace  and  Producer  Gases. — A.  Wm- 

celiuift  diBcuBsirig  the  methoda  of  analysis  for  blast-furnace  and  pro- 
ilucer  gases,  draws  atteution  to  the  advantage  of  complete  over  other 
analyses*  As  a  rule  in  metaltyrgical  works,  it  ib  cuatoinarj  to  f^t 
satisfied  with  the  determination  of  the  carbon  monoxide^  carbon 
dioxide,  and  oxygen.  Now,  however,  that  blast- furnace  gases  are  used 
direct  in  gas  engines,  more  complete  analyses  are  necessary  to  de- 
terminep  in  addition  to  the  constituents  above  mentioned,  tlie  hydro- 
gen, methane,  and  by  difference  the  nitrogen,  Hydrogen  occnra  in 
blaet-furnace  gases,  and  especially  in  producer  gases,  in  much  larger 
quantities  thau  is  usuaUy  assumed  to  be  the  case^  and  it  is  particuiarly 
desirable  that  it  should  be  determined,  especially  as  this  can  be  done 
without  difficulty,  DeaUng  next  with  the  methoda  of  sampling,  the 
author  observes  that  the  Catnpredon  apparatus  enables  this  to  be 
effected  with  great  facility,  but  slight  modifications  in  the  cocks  uaed 
are  suggested.  Water  saturated  with  common  salt  should  be  em- 
ployed, as  pure  water  dissolves  a  considerable  quantity  of  gas.  Two 
analyses  of  the  same  sample,  made  in  the  one  case  immediately  after 
taking  it,  and  in  the  other  twenty-four  hours  later,  gave  the  following 
results  I — 


No. 

00^ 

0, 

CO. 

H. 

CH^. 

N. 

h 

0-8 

0^4 

28-S 

4-6 

0*8 

55  ii 

IL 

U'd 

o^s 

285 

a-T 

OT 

59-5 

Tiie  author  therefore  recommends  the  use  of  a  saturated  salt  solution^ 
not  merely  in  taking  the  sample,  but  also  for  the  graduated  burette  of 
the  apparatus,  if  mercury  Is  not  preferred.    Winkler  has  recommended 

*  Jm\rnal  of  $he  Sooittif  of  Chemical  Induiliy^  vol.  I3J,  p,  693. 


580  THE  IRON  AND  STEEL  INDUSTRIES. 

aud  the  gas  mixture  passed  through  it.     Tne  method  of  calculating 
the  analysis  results  is  also  passed  in  review. 

A.  Wencelius*  also  publishes  a  description,  accompanied  by  illus- 
trations, of  the  apparatus  used  by  him  for  the  analysis  of  blast-furnace 
and  producer  gases  above  referred  to.  The  method  of  using  the 
apparatus  is  described,  aud  also  the  calculation  of  the  results.  The 
apparatus  is  stated  by  the  author  to  work  well,  and  he  recommends  it 
for  use  in  all  laboratories  where  many  gas  analyses  have  to  be  made. 

Analysis  of  Fire-Damp. — F.  Schreiber  t  describes  the  methods  of 

analysing  tire-damp. 

•  Stahl  und  Eisen,  vol.  xxii.  pp.  663-667,  with  two  iUostrationi. 
t  OlUckauf,  vol.  xxxviii.  pp.  863-865. 


•  :  1  I     •  T         • 


582 


THK  IROir  AND  STEEL  INDUSTRTES, 


The  following  table  gives  details  of  the  output  in  1901  of  the 
produ«:ed  in  the  United  Kingdom  : — 


Ireland  * 


3!:',HSfi,S32 
103,020 


Toti%l       .        .     219.04ti,&45 

Natural  iufkmmable  gas  ia  now  bei^g  obtaioed  in  Sussex.    Tiie  J 
19  entertained  by  workers  in  that  count j^  that  the  supply  will  be  sufficient 
to  make  this  mineral  substance  of  commercial  importance  to  the  country. 

Iron  Trade  Statistics.— The  Britisb  Iron  Trade  AasociatioQ 
ports  ♦  the  production  of  iron  and  steel  in  the  United  Kingdom  duringj 
the  first  half  of  1902  to  have  included : — 


TotLH. 

Pig  hon     .        .        .        r 

4^096,478 

Acid  open-bentth  iugot« 

U529,»63 

Boflic  open-hearth  ingots   . 

241,076 

Total  open-bsarth  Ht««l 

ljn.03S 

Acid  BeAsenKtr  tteel  * 

563,476 

Bmlo  BeH^mer  iteel 

924,902 

88a,S78 

Workmtfn's  compensatiou  iu  the  miuiug,  metallurgical,  and  engineer- 
ing  industries  of  Great  Britain  h  dealt  with  in  a  report  recently  issued 
by  the  Home  Office.  It  presents  statistics  of  proceedings  under  the 
Workmen's  Conipensation  Acts  of  1897  and  1900,  and  the  Eaiplojera* 
Liability  Act  of  1880,  for  the  year  1901. 

Goke. — Accorditig  to  returns  f  issue*!  from  the  Coal  Trad©  Office?  at 
Newcastle,  4,532,645  tons  of  coke  were  made  in  the  county  of  Durhaiu 
last  year,  as  compared  with  5,293,015  in  the  year  1900  :  and  128,998 
tons  in  Northumberland,  as  against  167,950  tons  in  the  preceding 
year.  In  1901,  12^573  ovens  were  in  use  in  the  county  of  Durham, 
and  3882  out  of  use,  compared  with  12,675  in  and  3680  out  of  use  in 
the  previous  year;  in  Northumberlaud  449  oirens  were  in  and  214  out 
of  use,  as  against  486  in  and  177  out  of  use  in  the  previous  year. 


II.— AUSTRALASIA. 


MiEeral  Statistics  of  New  South  Wales,— llie  quantit| 
coal  X  produced  during  1901  was  5,968,426  tons,  valued  at  j£2f  178,1 

•  Irm\  and  Cml  TmdtM  Rtviww,  vol  3t1»,  pii.  1037-L038. 

t  CoUitrp  Oaardmn,  vvL  Ixnjiiv.  p.  13S. 

%  Annutti  Report  oftht  iMyiarlttient  &/  ilTiTKi,  Sjdncij,  1S02. 
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pig  IrnD,     The  share  taken  by  each  branch  of  mineiml  prDdnetioB  li 
best  e3cpre»sed  in  percentages,  thus  t— 


Of  the  Tftlue  4>f 

the  Output. 

Biwii  oottl     .        .        .        , 
Oi*l        .        .         .        .        . 
Iron  cm  .        *        .        ,        . 

1 

40*25 
4« 

473S 

Of  the  total  valne  of  the  metallurgical  productioni  pig  mm  repfe 
setited  85-08  per  cent* 

The  Austria u  Government  haa  issued  a  report  *  on  the  ifittilla  of  U]« 
miners'  sick,  accident,  and  pension  fnods  during  the  jear  1S99,  Ttif 
report  contains  192  closely  printed  page^  of  tabniar  slatiitieal  matter^ 
containing  much  information  for  special iets  in  minera'  insuraticis;. 


eiren 

Enaddl 


The  Foreign  Trade  of  Anstria-Hungary,— M.  Caspaar  t  obsei 
that  there  was  a  general  df^pre&sion  of  trade  in  1901^  which  made 
itself  especially  felt  In  the  iron  and  machinery  trades  of  Austria 
HuDgarj,  With  regard  to  brown  coal  the  imports  in  1901  diminished 
by  67  per  cent,  as  compared  with  1900^  while  the  ezfiorta  increaaed| 
by  27  per  cent.  The  strike  in  the  brown  coat  induetry  in  1900 
accounts  for  t!ie  large  difference  in  the  imports  of  this  fnel  during  the 
two  years.  The  imports  of  co&l,  too,  for  the  same  reason  diminished 
by  6  per  cent,,  and  are  now  again  normaL  The  exports  dimitiiahed  bjf 
8  per  cent.  The  imports  of  coke  in  1901  show  an  increase  of  I 
ceuL,  and  the  exports  an  increase  of  15  per  cent,  due  to 
demand*  Almost  the  whole  of  the  Austria^ Hungary  brown 
exports  are  for  Germany.  Most  of  the  coal  comes  from  the  Sileaiaa 
eoaliield&  of  Germany,  the  United  Kingdom  importing  about  one-sixth 
of  the  total  coal  imports.  The  whole  of  the  iron  ore  exported  goes  to 
Germany.  1  hey  showed,  as  will  be  seen  from  the  table,  a  consider- 
able reduction.  The  imports  of  iron  ore  from  Sweden  again  showed 
an  increase,  wliilat  those  from  Greece  had  diminished  in  quantity.  Th# 
exports  of  iron  and  iron  wares  diminished  by  as  much  as  36  per  cent.| 
whilst  the  imports  only  diminished  by  1  per  cenL  Of  the  t4>ta| 
quantity  of  these  imports  in  1901,  69  per  cent*  consisted  of  pig  troi 

t  QeMierreiehuc/te^eiUchrifi  far  Berg-  mnd  Humumten,  vtfl  I.  pi^  2€0-^S63^  tl^SHX 
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with  tho«a  far  the  preceding  year,  fihowing  a  red  action  of  ITll  m 
Dumber  of  workpeople  and  of  m  much  as  65'33  per  cenL  in  the 
put  There  were  Z  fata!  and  56  severe  accidents  during  1900  at  the 
petroleum  plants,  and  3  fatal  and  15  severe  ones  at  the  oxokerite 
mines. 

Mineral   Statistics   of   Bosnia   and   Herzegoviiia. — Official 
statistics^  siiow  that  in  the  yenr  1901  there  were  produced  in  Boaiii 
and  Herzegovina: — 


PrciduDed  in 
1901. 

Iticr«iM«  or 
i9O0L 

Iron  are  .... 

Chrome  ore 

BlNngkoeiCr  ore 

Brown  ookI     , 

Fig  iron  «... 

CMiiugi 

Open- hearth  ingoti 

Wrought  iron 

Metde  Tomb, 

122,569 

505 

6,546 

445,007 

39,296 

1,445 

16,120 

16,500 

iietric  Tot». 
'10.885 
+      405 

-  um 

+  50.401 

+      ^3& 
^      176 

+  6.559 

+  5.sri2 

fioSS 


The  total  quantity  of  charcoal  made  for  metallurgical  pnri 
amounted  to  185,300  cubic  metres.  The  pig  iron  ahown  in  the  table 
included  4131  tons  of  spiegeleiaen  and  ferro-manganese.  The  work 
people  employed  at  the  collieries  numbered  1478,  at  the  iron 
mines  311,  and  at  the  ironworks  935,  The  total  number  of  the  work'* 
people  employed  at  all  mines  and  smelting  works,  including  Utom 
employed  in  charcoal  burning,  amounted  in  1901  to  7564,  an  increaaq 
of  115d|  or  18  per  cent,,  as  compared  with  the  total  number  so  em- 
ployed in  1900. 

Incidentally,  details  are  given  as  to  the  output  of  the  mines  and 
works  belonging  to  the  Varea  Ironworks  Company.  Tl»e  iron  are 
produced  amounted  to  121,592  ton^.  Of  ihij^,  70,941  tons  was  smeltefl 
at  the  company's  works,  and  40,914  tons  exported.  The  mint^rs 
numbered  306,  the  output  during  the  year  per  man  and  per  shift  being 
1'49  tons.  Tlie  two  blast-furnaces  produceil  26,736  tons  of  white  pig^ 
iron,  8225  tons  of  grey  pig  iron,  and  4131  ions  of  ferro-manganese, 
containing  80  per  cent  of  manganese.  The  net  profit  amounted  ta 
£36,000.     Of  this,  p£  12,000,  or  one^third,  went  to  the  Governmenl| 
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Y.— CANADA. 

nineral  Statistics. — The  mineral  statistics  for  the  Dominion  of 
Canada  for  1901  *  comprise : — 

Metric  Tons. 

Iron  ore 75,408 

Chrome  iron  ore 1,596 

Coal 5.613.689 

Coke 339,043 

Fireclay 1,200 

Limestone  for  flux 153,719 

Nickel  ore 3,686 

According  to  the  annual  report  of  the  Minister  of  Mines  in  British 
Columbia,  the  output  of  coal  and  coke  has  been  as  follows: — 


1899.  1900.  1901. 


Tons.  Ton*.  Tons. 

Coal       ....  1.306,324  1,439,595  1,460,331 

,  Coke      ....  34,261  85,14!»  127,081 

The  total  production  of  coal  and  coke  up  to   the  end  of  the  year 
1901  has  been  17,724,679  tons. 


Nl,—CEILI. 

Metallurgical  Resources. — In  the  Boletin  of  the  National  Mining 
Society  ot  Cliili,  C.  Vattier  t  gives  the  results  of  observations  made  by 
him  on  a  journey  to  the  iron  districts  of  Canada  and  the  United 
States,  and  discusses  the  possible  application  of  what  he  saw  to  the 
ores  of  Chili.  His  memoir  contains  descriptions  of  the  Radnor  char- 
coal blast-furnaces  and  of  the  Lake  Superior  iron  ore  mines.  He  has 
prepared  a  special  report  J  on  the  application  of  hydraulic  power  in 
electro-metallur^'y.  He  was  instructed  by  the  Government  of  Ciiili 
to  investigate  the  new  electro-metallurgical  processes  in  Europe  and 
America,  and  to  ascertain  their  bearing  on  the  inauguration  of  iron- 
works in  Chili.  He  describes  the  recent  installations  in  Italy,  Switzer- 
land, France,  the  United  States,  Sweden,  and  elsewhere.  In  Chili  water 
power  is  abundantly  available  for  application  to  metallurgical  purposes. 

•  The  Mineral  Industri/,  New  York,  vol.  x.  p.  826. 

t  Boletin  de  la  Sociedad  Nacional  dt  Mvn^ra^  1902.  pp.  197-207. 

:;:  Ibid.,  pp.  143-164. 
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Dutriet.  Metrie  Toiu. 

Rheniah  WettphiOia .  1,M2,S84 

Siegen,  Lahn  and  HeMe-N«iniin  278,603 

Silesia 3S7.901 

Pnmerania    ...                 60,906 

Saxony          — 

Hanover  and  Brunswick      ...                 ...  168,648 

Bavaria,  Wiirtemberg  and  Tharingia  .  62.421 

Saar.  Lorraine  and  Lnxemlrarg 1.572,912 

4,013.776 

The  production  during  the  Bimilar  period  in  1901  was  3,953,779 

tons.     In  June  1902  the  works  making  forge  pig  iron  and  apiegeleisen 

numbered  fifty-one,  as  against  sixtj-one  in  1901 ;  Bessemer  pig  iron 

was  made  by  seven  works  in  each  year ;  basic  Bessemer  pig  iron  by 

thirty-one  works  in  June  1902,  and  thirty-six  works  in  Jane  1901 ; 

and  foundry  pig  iron  and  direct  castings  by  thirty-seven  works  in 

1902,  against  thirty-eight  in  1901. 

Particulars  of  the  German  iron  trade  imports  and  exports  for  the 

first  half  of  1902  have  been  published.* 

Imports  of  Iron  Ore.— The  imports  of  iron  ore  into  Germany  in 

the  year  1901  were  as  follows : — 

Metric  Tona. 

By  Rotterdam 2,957,049 

By  Amsterdam  ...  268,129 

Total    .  .    3,226.178 

The  manganese  ore  imported  was  as  follows : — 

Metric  Tons. 

By  Rotterdam 142,011 

By  Amsterdam 3,300 

ToUl       .  .    145.311 

Of  nickel  ore,  13,213  tons  were  imported.  Details  of  origin  are  given 
in  connection  with  each  of  these.  Of  the  iron  ore,  1,367,016  tons  were 
from  Spain,  about  half  of  this  being  from  Bilbao ;  304,587  tons  were 
from  Algeria;  134,625  tons  from  Greece;  and  1,041,317  tons  from 
Sweden.  Of  the  manganese  ore,  125,467  tons  were  from  Batoom; 
while,  of  the  nickel  ore,  by  far  the  larger  portion  was  from  New 
Caledonia,! 

nineral  Statistics  of  Prussia. — ^The  ofi&cial  statistics  |  of  the 
production  of  the  Prussian  mines  in  1901  have  just  been  published. 

♦  Stahl  und  Eiten,  vol.  xxii.  pp.  906-907. 
t  Ibid.,  p.  340. 

X  Zeitschrift  fiir  dat  Berg-,  HUtten  und  Salinenwestn  im  pretiuuchen  StaaUy  toI.  I.  ; 
Sfatistische  Lieferung^  pp.  2-28.. 
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Of  the  40  existing  coke  bfaat-fornaces,  30  were  in  blast  in  1901,  m 
compared  with  35  in  1900*  They  gave  employment  to  3412  male  and 
G50  female  workpeople,  a  total  diminution  of  13  per  ceiit^  The 
average  wage  of  a  male  over  16  was  J£52,  IBs,  Tiie  furnace  charges 
iiieluded  1^042,550  tons  of  ore^  a  dimiaution  of  13  i>er  cent.,  3S,044 
tons  of  scrap,  333,465  tons  of  slag,  413,282  tons  of  limestone,  and 
830,360  tons  of  coal  and  coke.  The  production  of  pig  iron  amounted 
to  641,726  tons,  a  diminntion  of  14*1  p«r  cent  as  compared  with  the 
prodaction  in  1900.  The  consumption  of  fuel  diminished  by  4'5  per 
cent.,  and  that  of  limestone  by  0'6. 

Only  one  of  the  two  esctsting  charcoal  bl&st-fumacea  was  in  opera- 
tion during  1901,  and  that  only  for  a  period  of  26*5  weeks. 

At  25  foundries,  44  cupolas,  10  reverberatory  f am  aces,  and  9  open- 
hearths  were  in  operation,  and  2951  workpeople  were  employedp  The 
total  quantity  of  castings  made,  including  16,031  tons  of  pipes, 
was  78,375  tons,  or  10*1  per  cent,  less  than  in  1900,  Prices  sank 
during  the  year  very  low,  and  indeed  far  below  the  actual  first  cost 
in  the  case  of  many  articles. 

At  22  works  making  weld  and  ingot  iron,  274  puddling  furnaces 
and  a  large  number  of  others  were  employed,  together  with  66  steam 
hammers  atid  36  presses  at  the  weld -iron  works^  and  10  cupolas^  2 
cast-steel  furnaceSj  2  acid  Bessemer  converters  and  7  basic  ones, 
together  with  26  open-hearths  and  nnmerous  other  fiirnacesj  were  in 
operation,  as  well  as  100  rolling  mills*  The  workpeople  employed 
numbered  13,151,  a  decrease  of  7*1  per  cent,  as  compared  with  the 
number  employed  in  1900.  The  production  included  188,602  tons  of 
semi-manufactures  and  501,807  tons  of  6nis]ted  products,  the  total 
showing  a  ilecrease  on  the  year  of  as  much  as  12  5  per  cent. 

The  total  production  of  iron  and  steel  of  all  kinds  in  Upper  Sileeia 
in  1901  was  1,510,832  tons,  valued  at  £7,395,258;  32,185  work] 
were  employed,  and  they  earned,  taken  together,  £1,392,425. 

The  annual  report  of  the  Mining  Society  of  Lower  Silesia*  ahows 
that,  of  the  German  production  of  101,000,000  tons  of  coal^  Lower 
Silesia  in  1901  produced  4,709,180  tonR,  or  1*22  per  cent,  less  than  in 
1900.  There  were  in  operation  316  coke  ovens  with  recovery  of  by- 
products and  630  ovens  without  The  coke  output  was  513,639  ton*. 
There  were  also  produced  6821  tons  of  clay  ironstone,  and  85,365  tona 
of  fireclay.  The  Lower  Silesian  collieries  employed  24i,107  work- 
people. 

*  GiUcSmu/^  roL  uxviii.  pp,  BU-ai4. 
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workable  eoal  tlmt  exkU  down  tu  a  depth  of  a  thonfiand  ^arda  is 

placed  at  30,000  million  tons,  while  as  regards  iron  ore  the  Germ&n 
Diiuette  district  is  estimated  to  contain  3000  loillions  of  tons  of  ore^  and 
these  are  not  the  only  iron  ore  reserves  of  Germany,  He  next  trmom 
the  rise  of  German  ship  confitructioO)  pointing  out  that  the  Cennan 
Lloyd  was  founded  ouly  as  recently  as  1864.  He  compares  ship-huild* 
ing  in  Germany  with  the  same  trade  in  the  United  Kingdom,  and  drawa  ■ 
attention  to  the  great  advantage  which  the  latter  possesaes  id  having 
Its  iron  manufacturing  districts  close  to  the  coast,  while  in  Germany 
they  are  far  away  from  the  sea.  When  iron  ship-huilding  began,  the 
Unittjd  Kingdom  with  its  good  means  of  communication  and  its  then 
alUpowerful  iron  industry  had  a  great  advantage.  The  position  is  dif- 
ferent at  the  present  day,  although  Germany  has  not  yet  overeoiBe  ail 
the  difficulties  that  it  has  to  contend  with  in  this  direction.  By  th& 
end  of  the  last  century  the  production  of  pig  iron  in  Germany  bid 
nearly  reached  that  of  the  United  Kingdom,  while  it  actually  made 
more  steel  than  did  this  country.  On  the  other  handj  ship  construction  in 
Germany  still  only  amounts  to  about  one-seventh  of  that  in  the  United 
Kingdom ;  and  wliile  British  steelmakers  look  to  ship  coustruction  to 
absorb  a  large  portion  of  their  output,  German  steelmakers  are  unable 
to  find  a  similar  market. 

The  author  next  deals  with  the  manufacture  of  ship  coustruetion 
material  in  Germany,  At  first j  owing  to  the  requiremenu  of  Lloyd *s, 
German  ship^buildera  were  obliged  to  use  such  materials  manufactured 
in  the  United  Kingdom.  When  iron  ship -building  began  to  give 
way  to  steelj  this  material  used  was  hard^  and  it  ia  to  the  French  that 
the  credit  belongs  for  first  making  steel  in  quantity  of  a  character 
suitable  for  ship  construction,  by  tiie  aid  of  the  open -hearth  process* 
In  ISTS  the  English  Lloyd's  allowed  ingot  iron  (mostly  mild  steel)  to 
be  used  in  the  construction  of  shi].«  and  boilers  with  a  reduction  in 
thtckneisa  of  metal,  as  compared  with  the  iron  previously  used,  of  50  per 
cent,  for  ships'  hulls  and  25  per  cent,  for  their  boilers*  The  inrenuun 
of  the  basic  process  altered  matters  for  Germany,  and  the  rapid  pro- 
gr^a  made  by  this  process  entirely  changed  the  position*  Tlie  author 
deals  at  length  with  the  subject  from  a  statistical  point  of  vieWp  show* 
ing  how,  with  increased  production  and  improved  quality  of  the  steel 
made,  the  dimensiona  of  the  constmction  materials  underweut  marked 
changes,  lu  1880  only  iihout  76,000  tons  of  sheets  and  plates  was 
made  in  Germany,  while  in  1901  the  production  was  as  much  as 
550,000  metric  tons.     The  auil^vr  deals  with  ship  plates  in  pariicuiar, 
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geibtsr  unsoiyible.  The  ftutiMsr  ilierefure  dc&k  wttli  die  ^vntim  «f 
tbe  i^bTiical  propeitlei  of  the  dMei&a  kititb  «if  inm  and  flieel»  and  ui 
answer  to  the  qtieitjoo  ai  to  what  reallj  fbron  tbe  tinit  be&««cB  aoli 
auil  Lar  i  £t«f^Ia  obsenre«  that  tbe  capiu:itj  for  bmiii«ai^  ii 
conatdered  the  cntarion.  Tiiepe  is  uq  doubly  be  a44a»  tbafc  a  Bttii 
having  a  t«iisiJe  strength  of  28*6  to  29^  tone  per  s^vart  luck  cai 
hartjeotd,  and  it  ia  as  well  to  aasome  that  a  tcaaile  Mtvo^lib  af  a] 
28  toni  i^r  square  inch  repFesenta  the  extreme  tip|»er  limit  of  tbe 
material,  while  if  th<^  lower  limit  im  placed  at  tS  5  tona  per  aqaare 
with  ii]i table  eloti gallon  one  haa  a  mild  meiai  whkh  baa  for  a 
lime  given  good  resulta  in  iron-eonslmctiou  work  and  in  bridgtsL  Hie 
atllhor  deaii  farther  with  the  question  gf  the  relative  oae  of  bani 
of  soft  matertaK  An  important  discussion  ensued  on  tbe 
the  paper. 

Some  time  ago  the  Genxian  Goremment  appointed  a  comtalKUMi  to 
report  on  the  [iosaihk  iron  and  ahip-building  Indea  of  Gemaajr  i^ 
connection  with  tiieir  &tiip-bailding  programme  for  tbe  pnrpoae  of  ibe 
strength eiiing  of  the  Gt^rman  fleet.  ThJa  eommiesion  *  Ttaled 
ipecteJ  very  thoroughly  almost  all  the  German  ihipjard^ 
with  a  large  number  of  ironworks  and  machine  shops,  and  Uien 
quently  inquired  into  the  condition  of  English  and  American  thip^ 
and  works,  A  report  f  has  now  been  published  which  ii  baaed  on  tbe 
information  thus  officially  collected.  It  is  hoped  that  as  tbe  Gennafi 
iron  industry  now  surpasses  in  production  that  of  the  United  Kingdom^ 
so  too  will  ship  construction  in  Germany  make  similar  progress  tii  tbe 
future. 

The  Teacbiiig  of  Metalltir^  in  Pnissia,— Tiie  Verein  deutecher 
Evseuhuitenleut^^  I  has  aiidre^^ed  a  memorial  to  the  Minister  for  Tradt« 
atifl  Manufactures,  and  aiao  to  the  Minister  for  Educatioti,  &c.^  in  which 
it  is  pointed  out  that  the  teaching  of  the  metallurgy  of  iron,  in  all  ita 
varied  details,  has  remained  at  a  Etandstill  of  recent  years  at  the  various 
Prussian  mining  schools  and  technical  high  schools*  The  Government 
is  prayed  to  take  steps  to  properly  endow  this  tuition  and  to  bring 
it  up  to  the  condition  of  present  requirements. 

The  menjuriat  ccimmeuces   by  draw  Lug  attention  to  the 


•  SUihi  und  Mum,  vpl*  iiii*  p,  798. 

t  Tjjirii  SchwATj  lad  K.  von  Halle,  Dk  Sehigtauindudrie  in  DtHi»dkland  und  i 

%  SiaklwUMtHH,  vol  i^aiu  pp.  fi89-5D0* 


OT^ 


tin  jio^  jufB  nrvKL  mnosTEna 


tuniacpM  only  iiretity*iiv«  ware  tu  a|»eniiioii,   Uie  prodoeliaii  nt 
irmi  tiATJnj^  V>eon  916,404  Urn*,* 

Tbe  DUBSeldorf  EzllibltioiL — Tbe  Dtlsiey  off  ExhiMtioii  hu  1 
to  the  pybJication  of  a  large  aniaunt  af  valuable  literatare.     H.  We 
ding's  pftper  in  this  volume  aud  various  memoirs  already  referred 
deal  with  the  mltUDg  and  metallurgical  exbibitit.     Theee  have  ako  I 
deicribed  by  T.  Beckert,t  by  E.  &  Odelstjerna,|  and  by  A,  Gonryj 

Detcriptioni  hav«  also  been  pabliBhed  by  H.  Dijb1>el,||  by  F,  Kuh,1 
by  F.  Liebetans,**  by  A.  Beyffertb.tt  by  A,  Vieroif,JJ  bj  C.  Volk,§| 
and  othisr«,|||| 

Th«  DUaielilorf  Exhibition  was  closed  on  October  W.     It  was  visited 
by  4 1 ^82^4 59  persan4»  and  was  a  great  financial  success.     There  were 
2800  i^xhlbitoraf  ftnd  diplomas  were  awarded  for  213  gold  medals, 
dlv^^r  itiedak,  and  566  bronze  medals*     Details  of  the  awards  have| 
beeti  published ,1111 

1X.—GEEMCM\ 

Mineral  StatistiOfl,— The  mineral  production  of  Greece  in  IS 
inchhliMl  *J7H,04G  tons  ofiron  ore,  196^152  tons  of  nianganiferous  iron 
oro>  14,166  tons  of  manganese  ore,  4580  tons  of  chromium  ore,  13,4101 
tons  (i(  crude  magtiesite,  2009  tons  of  calcined  mognesita,  and  9TM  { 
ions  of  brown  ooaL*** 


X.— INDIA. 
Mineral  Statistics* — The  repon,  ot  J.  K  0'Couur,ttt  the  Dir 

Qeuerul  of  Stiitiatirii  in  India,  shows  that  the  coal  industry  is  sh 

+  atiiekaiiK  vol,  Jtiiviu.  pp.  801-^)8, 

t  Hih^mf  Un  Jtrnkotttot^eU  At^naier,  1902,  |l^  S41-385,  311-333,  343-363. 

g  httUeiinikim  &wi«tf  ckw  IngtnUun  Civih  de  /"mfur,  1902«  Kd.  IL  |i|k  22-131. 

n  Meittehrifam  Vtninm  ^(mtUiAtr  Inpenimre,  vd\.  xWl  p,  ^a. 

**  ftirkmidi^^ffm  df9  Verrtm  mr  B^^rdnMnff  ie«  0m§rkf^i*H*.  1903,  p^  UT. 

tf  JOmmm^ni^^  MeituMff,  1902,  ^p.  ^9.  431. 

tt  JfiNMliMffn  ttfit  dir  FrojtiM  ifet  ^kmpfkftsH-Bttrkba^  190S|  |i|v  308. 

II  mM  umd  Knmn^  ^aL  xiiL  p(>.  357,  4i7,  541 ;  SiMm  m^m^^  1901  f^  3K:  « 
Wi>w  Jbilwii^,  v«L  iirL  p|t^  &7T-fi^;  Oiutr't  ^nfial«ii«  vgl^  1  fh,  171  £ 
IVJ||Mi<«4fiii«Ni  /iMtrpiof,  foL  ecoxviL  p^  301,  309^  398^  318-386 ;  J^pyka^  ««L 
N««.  98»  34 ;  l7NKft«<HtHr.  voL  biiiL  ppc  365,  498^  eOfi.  €73. 

fl  AteJU  ittid  h'ittn,  voL  xidi  pp.  llSr-U96L        ***  Mi^imimm  Mnimm^  v^  is.  ^  J 
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Mineral  Statistics  of  Mysore*— Tbe  Report  of  the  Chief  In- 
spector ot  Mniea*aUtts  that,  in   1901   there  were   produced  14^8641 
cwt.  of  iron  gr^,  2580  cwt.  of  Iroi],  and  71  cwt,  of  aieel. 

Mineral  Resources  of  the  Malay  States. — A  report  oi 
proceedings  of  the  miumg  conference  h<ild  at  Ipoh,  Perak,  io  thil 
Federated  Malay  States,  has  been  issued  from  the  Perak  Gavemiiiea| 
printing  office. 

Mineral  Statistics  of  the  Dutch  East  Indies*— The  Netii« 

land^  Colu[iJal  Dt^partment  state  that  the  production  in  the  DaUa^ 
East  Indies  included  97,308,800  Htres  or  612,005  barrels  of  petroleum 
in  Java;  169^842,000  litres  or  1,068,189  barrels  in  Sumatra,  togetU 
with  21 6^907  tons  of  coal  from  the  Ombllien  and  Bahangan  collieriisa| 
and  59,252  metric  tons  of  petroleum  and  6131  tons  of  coal  in  Borneo.j 


XL— ITALY, 


Mineral  Statistics.— The  mineral  and  metallurgical  production  i 

Italy  J  in  1901  comprised  : — 


Pig  iron 

Wroufbt  itou     . 

Steel  .        .        .        . 

Min«ri.l  fuel 

Atphall       . 

Iron  orv 

Manganif eroUB  iroD  ore 

HAHgHii^iie  ore    , 

Oruphite     - 

0<jki  ...        * 

Ooid  btiquellei   . 

Ob&rcoid  briquettes     , 


3Ii?tnc:  Tod*. 
.  1S,S19 
.  180J2a 
.  123,310 
.  42&,614 
.     104,«74 

2'1,21#0 
2,181 

lo,:ii3 
f^,ooo 

.     73S,30O 

16,500 


The  production  of  petroleum  amounted  to  2246  tons. 


Xn.—JAFAN. 

Mineral    Industry. — E,    Davidson  §    deals    genetally    with 

mineral  industry  uf  Japan,  taking  his  details  largely  from  an  M%i4 

*  Rtp&ri  of  ihe  (fhitf  Inspeekfr  of  Minm,  M^^^trt  Gmfo^i&d  Ihp^^mmiLi  Bang 

t  Ef^inpo'infj  and  Mininp  Jourtuil,  "woL  Luxiii,  ji*  413. 
t  MivifUi  del  Hervizio  MftitrartQ^  Ritoie,  1902, 

I  Ottttrrehftimhe  J^tit#<Jirifi  fUr  Berg-  und  RUUen^pettiit  ^ol.  I.  pp.  24S>-262,  * 
276-278. 
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XllL—EOUMAmA, 

Petrolenin. — Roumanian  petroleum  statistics  for  1901  have  hetn\ 

published,*    The  total  production  ftiuounted  to  270,000  tons,  the  share  ^ 
taken  by  the  various  districts  being   as   follows :    Prahova,  243,000 
tons;    Bacai),    14,000   tons-    Dimbovita,    17,000   tons;    am)    Buzan, 
6000  tons. 

DetalU   have   also  been  published  f  of  the  fuel  consumed  on  the 
Koumantan   railways,  showing  the  rapid  development  in  the  nse 
it  quid  fuel  in  locomotives. 


XIY.—BUSSIA. 

iron  Trade  Statistics. — in  1901  Russia  produeeil  2331,680 
tons  of  pig  iron,  419,786  tons  oi  wrought  iron,  1,430,562  tons  of 
open* hearth  steel  ingots,  617|497  tons  of  Bessemer  steel  ingots,  and 
1834  tons  of  crucible  steeL  There  were  183  pig  iron  works,  92  wrought 
iron  works,  ami  67  steel  works.  The  imports  of  pig  iron  amounted 
to  30,221  tons4 

In  1901  the  coal  production  of  Russia  §  reached  996,078^000  poods, 
the  highest  output  recorded*  The  production  of  the  various  districts 
in  thousands  of  poods  was  as  follows :  South  Russia,  694,420;  Poland^ 
252,567;  Ural,  29,742;  Moscow  basin,  16,007;  Caucasus,  3342. 

The  Russian  coke  production  ||  in  1901  amounted  to  121,648,000 
poods,  as  compared  with  137,329,000  poods  in  1900,  The  number  of 
coke  ovens  in  the  south  of  Russia  was  3319. 

The  output  of  coal  in  Siberia  is  given  as  375,480  tons  in  190 LIT 

A  considerable  diminution  in  the  production  of  pig  iron  took  place 
in  Central  Russia  in  1901,  the  output  amounting  to  only  10,580,000 
poods,  aa  compared  with  14,010,000  in  1900,  and  14,850,000  in  1899; 
while  the  fact  that,  in  the  first  half  of  1901, 6,390,000  poods  was  produced 
(62'0257  pQods^  1  ton),  and  only  4,190,000  irt  the  second  half,  poinU 
to  a  still  further  drop  in  the  production  in  1902,  probably  to  8,000,000 

*  MoniUui'  dtt  IntiriU  Fitrelifkirti  Roumidins^  voL  Hi.  p.  J(B. 
f /6i4,.p.  537. 

%  €omiii  da  Ftnjres^  BaUetin  No.  1980. 
I  M&niUur  rfei  Jntiriu  MaUrith^  to!  Uj.  p.  1870. 
\\  /Wd.  pp.  2978-3»7a 
%  JVlfrtiicer,  vol.  noiv.  p,  22B, 
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An  attempt  has  been  made  *  to  show  by  elaborate  calculations  the 
feasibility  of  transporting  electric  power  from  the  Paertollano  coalfield 
to  Madrid,  a  distance  of  120  miles. 


XYl.— SWEDEN. 


Iron  Trade  Statistics. — The  Swedish  official  mineral  statistics 
for  1901  have  been  issued  by  R.  Akerman,  the  director-general  of  the 
Board  of  Trade,  t     The  Swedish  production  comprised  : — 


Iron  ore  

Manganese  ore 

Pig  iron,  all  made  with  charcoal    .... 
Blooms  produced  from  pig  iron  in  charcoal  hearths 
Bessemer  ingots  and  castings 


Metric  Tons. 

2,795.160 

2.271 

528,S75 

164,850 

77.281 


Open-hearth  ingots  and  castings 190,877 

Crucible  ingots  and  castings 1,088 

Bar  iron  and  steel 152,183 

Rods,  hoop  iron,  and  stoel 67,203 

Wire  rods 21,932 

Plates  (not  including  sheets)  13,856 

Tube  blanks,  hollow  blooms,  and  billets        .        .  14,333 


Number  of  blast-furnaces  in  blast 
Average  daily  product  per  furnace,  tons 
Average  time  per  furnace  in  blast,  days 


189 

13-96 

272 


Production  of  Coal. — The  output  of  coal  in  Sweden  %  in  1901 
was  271,509  tons,  and  that  of  fireclay  175,876  tons.  The  number  of 
miners  employed  was  1582.  The  output  of  the  various  collieries  was 
as  follows : — 


Colliery. 


Hyllinge    . 
Skromberga 
Boserup     . 
Hoganjis    . 
Billesholm 
Ljungsgardrt 
Bjuf  . 
atabbarp    . 


Shafts. 


Coal. 


Metric  Tons. 

705 

49.805 

4,700 

79.953 

85.042 

14,799 

36,471 

34 


Fireclay. 


Metric  Tons. 


1,245 
13,504 

4,000 
47,807 
22,986 
22,410 
61,376 

2.548 


♦  RtvUta  Minera,  vol.  liii.  pp.  323-325. 

f  KornmergkoUepn  Undtrdaniga  Berattelse,  Stockholm,  1902. 

:  Ibid.,  1902,  p.  13. 
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XYlll.— UNITED  STATES, 

Ifob  Trade  Statistics* — Aeoordiiig  to  the  re  tarns  of  the  Atnerican 
Iron  Trade  Association,*  the  production  of  pig  iron  in  the  United 
States  daring  the  first  half  of  1902  was  8,808,574  tons. 

The  nuuiher  of  famaces  in  blaat  in  the  United  Stat«s  on  July  1, 
1902,  was  292,  of  a  total  capacity  per  week  of  352,590  tons,  thb  com- 
paring with  200  furnaces,  ciipable  of  producing  3i4,748  tons  per  week, 
on  June  U  The  capacity  of  furnaces  in  blast  on  July  1,  1901,  wa& 
310^950  tons. 

MlBOral  Statistics. — The  mineral  production  of  the  United  States 

in  1901  ia  stated  t  to  have  included  : — 

Totiiv 

Iron  ore         .        , 28^887.479 

MimgaEiete  ore       .,.«,..        638,7^ 
Bauxitfl  ........  18,905 

Chrome  ore    *.***».*  368 

Linieitone  flu?i       .         .         .         .         .         .        .      8,540,li»8 

The  production  of  petroleum  was  69,389,194  barrels. 

The  report  on  the  mineral  resources  of  the  Unit*?d  States  for  1900 
has  just  been  issued  by  the  United  Statts  Government*!  ^"  uddition 
to  the  statistics  for  the  year^  the  volume,  which  covers  927  pages, 
contnins  much  descriptive  matter.  The  sections  on  coal  and  coke  are 
written  by  E,  \V,  Parker.  Natural  gas  and  petroleum  are  dealt  with 
by  F.  H,  Olipliant,  iron  ore  by  John  Birkinbine,  atid  iron  and  steel  by 
J.  M.  Swank.     The  volume  ia  edited  by  D.  T,  Day, 

Iron  Ore.— J.  Birkinbine  §  gives  details  of  the  protiuction  of  iron 
ores  in  the  United  States  in  190L  Twenty-five  States  and  one  terri- 
tory produced  ore,  and,  of  the  tull  details  given,  the  following  may  he 
of  interest : — 

.     tl,l09,53T 

2.801,7.^2 

1, (MO,  684 

....      4.28i,454J 


Miniit^jiotci 

AU  other  BtHtei 


Toinl        .         .         .     28,887,47!» 


•  Tkt  BuiletiH  oflhf  Ameritsn  Iron  nvd  Stttt  Atsoeiation,  vol.  xjlxvL  p.  1091 

+  The  Mifirral  Industrp^  New  York*  vol,  x.  p.  2. 

X  Miuaaf  Htsott-mni  ttf  tkt  Uniitd  JSkttr^^  Wiishiiigton,  1901* 

§  The  Prmitwlicni  of  Inm  Qrea  in  1901 ;  GeoiogiCfii  JSurveifr  W**hiiigkin»  190a. 
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it  must  be  remembered  that  the  Pennsylvania  anthracite  fidds  Mn 
com  para  tirely  small,  and  are  bein^  rapidty  exhausted^  A  notable 
feature  in  the  bituniinous  coal  industry  ia  the  dtsposition  to  consoli- 
date tiie  interests  involved  in  its  production.  While  the  CounelEfivillie 
deposits  are  not  yet  exhausted,  it  appeara  from  the  best  available 
informatton  that  they  cannot  last  much  longer. 


The  American  Iron  Industry. — The  report*  of  the  four  Commn- 
Bioners  appointed  by  the  British  Iron  Trade  Association  to  inveatagat^ 
the  conditions  of  the  American  iron  industry  is  in  four  main  divislonSf 
contributed  by  E>  Parkes,  A,  Sahlin,  K  James,  and  J,  S.  Jeans  r^|>«* 
tively.  Thefirstd  [vision, com  prisi  a  gaGeneralReportontheAmericaa 
Industrial  Conditions  in  relation  tn  Iron  and  Steel  Manufacture,  hsw 
been  written  by  J.  S.  Jeans,  and  it  extends,  with  its  twenty-two  Appn* 
dices,  to  486  pages  of  the  work*  It  is  subdivided  into  twelve  Beotioua 
dealing  succe.sHively  with  ;  I.  A  General  Introduction  and  Outline;  II. 
Raw  Materials  ;  HL  Labour  Conditions  ;  IV,  Organisation  and  Admini- 
stration ;  V.  Transportation  ;  VI*  Cost  of  Production  ;  VII.  Manufacture 
and  Treatment  of  Fini8h*fd  Steel  Products ;  VI II.  Trusts  and  Coti- 
BoUdations ;  IX,  Basic  Steel ;  X.  Collateral  Industries;  XL  Economic 
Problems;  XIL  Canadian  Iron  anil  Steel  Industries  and  Canadian 
Competition,  Section  VIL,  on  the  Mauufacture  and  Treatment  of 
Finished  Steel,  is  subdivided  under :  A.  Steel  Rails  ;  B.  Plates ;  C,  Strne 
tural  Steel  and  Bridge  Work;  D,  Tubes;  K  Ti n plate  ;  F,  Wire  Umi^ 
Wire,  and  Wire  Nails;  G,  Crucible  Steel;  H.  Forgings  and  War 
Material.  Each  division  contains  accounts  of  the  metijods,  uutputi 
and  costs  prevailing  at  many  of  the  leading  rolling  mills  of  tl»e 
country,  arid  a  large  number  of  illustrations  show  the  working 
details  of  leading  types  of  plant  and  maehinery.  The  basic  steel 
branch  is  dealt  with  in  Section  IX.^  and  the  mt^thods  and  coinJitions 
of  its  manufacture  described  as  they  prevail  at  such  leading 
concerns  as  the  Homestead,  Duquesncj  and  Ensley  works.  In 
Section  X.,  on  American  Eu|>ineBringj  Chapter  14  dpak  with  iron  and 
steel  foundries  and  foundry  operations,  describing  some  of  the  latei 
appliances  and  giving  accounts  of  the  foundry  practice  of  prominenll 
concerns.  Chapter  15  treats  upon  the  recent  progress  of  <?lectrical 
developments  in  th«  United  States  and  the  rapid  growth  of  I'lectric 
power  in  the  driving  of  machinery.  A  typical  illustration  is  afforded 
in  the  extensive  plant  of  the  Westinghonse  Company.  Ghaj»ter  17 
*  "  Atii«rui»u  Ifidutbriml  Condi tioui  and  Competition/'  London.  19411!. 
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XIX.— COMPARATIVE  TABLES. 
The  World's  Production  of  Goal  and  Iron.— For  purposes  of 

comparison  the  following   summary  of  the  production  of  coal  in  the 
principal  countries  of  the  world  is  appended ; — 


Country. 


United  Kingdom  . 
Australasia — 

New  South  Wales 

New  Zealand 

Queensland 

Tasmania  . 

Victoria 

Western  Australia 
Anstriiif  coal 

U^iiite     . 
Hungary,  ooal 

,,  lignite  .  • 

Belgium 
Borneo  . 
Bosnia  . 
Canada . 
Cape  Colony 
Chili  . 
China  . 
France  . 
Germany,  coal 

,,  lignite  . 

Greece  . 
Holland 
India  . 
Italy,  lignite 
Japan  . 
Mexico  . 
Natal  . 
Peru 
Portugal,  anthracite 

„         lignite   . 
Roumania,  lignite 
Russia  . 
Servia   . 
Spain     . 
Sumatra 
Sweden 
Transvaal 
Turkey . 
United  States 


Year. 

Production  in 
Tons, 

1901 

219,046,945 

1901 

5,968,4% 

1901 

1,239,686 

1900 

497,182 

1901 

48,000 

1901 

209,329 

1901 

117,886 

1901 

11,738,889 

1901 

22,473,509 

1900 

1,867,189 

1900 

6.130,077 

1901 

22,074,000 

1900 

85,868 

1901 

446,007 

1901 

5,613,689 

1900 

198,451 

1900 

325.042 

1900 

500,000 

1901 

31,613,036 

1901 

108,417,029 

1901 

44,211,902 

1901 

9,726 

1901 

320,224 

1901 

6,635,727 

1901 

425,614 

1900 

7,429,457 

1900 

38.676 

1901 

569,200 

1900 

47,500 

1890 

11,930 

1899 

10.269 

1900 

86.000 

1900 

15.652,482 

1900 

192,850 

1901 

2,567.000 

1901 

196.207 

1901 

271,609 

1898 

1,938,424 

1900 

270,000 

1901 

260,929,248 

A    similar    summary    showing    the    production    of   pig   iron    is   ai 
follows  : — 


612  THE  IRON  AND  STEBL  INDUSTRIES. 

The  World's  Production  of  SteeL— It  U  estimated  ♦  that  the 

world's  production  of  steel  in  1901  amoanted  to  30,655,528  tons.  In 
1880  the  production  was  4,233,420  tons,  and  in  1895  it  was  14,898,082 
tons. 

The  World's  Production  of  Aluminium.— it  is  stated  t  that 

the  world'tf  production  ot  aluminium  in  1901  was  as  follows :  Uuitea 
States,  3244  tons;  France,  I  111  tons;  Great  Britain,  600  tons;  and 
Switzerland,  1300  tons — total,  6255  tons.  The  production  of  bauxiUf 
in  the  same  year  was  as  follows:  United  States,  19,000  tons;  France, 
59,000  tons;  United  Kingdom,  5000  tons— total,  83,000  tons. 

The  World's  Railways. —  The  rise  and  progress  of  the  world's 
railways  in  and  during  the  nineteenth  century  is  dealt  with  in  much 
detail,!  each  country  being  treated  separately,  and  the  whole  shown 
in  tabular  form.  The  first  railway  in  Europe  was  constructed  in 
the  United  Kingdom  in  1825,  France  following  in  1832  and 
Germany  in  1835.  Koumania  had  no  railway  until  1870.  In  1840 
the  total  length  of  European  railways  was  only  2925  kilometres 
(1  kilometre  =  0621  mile);  in  1850  it  amounted  to  23,504  kilometres; 
in  1860  to  51,862;  in  1870  to  104,914;  in  1880  to  168,983;  in  1890 
to  223,869;  and  in  1900  to  283,525  kilometres  of  lines  in  operation. 
Of  this  latter  length  51,391  kilometres  was  in  Germany,  the  length  of 
lines  in  the  United  Kingdom  being  35,186  kilometres,  France,  Kussia, 
and  Austria-Hungary  exceeding  this,  but  having  less  than  Germany. 
The  total  length  of  railways  in  the  world  in  1900  is  estimated  at : — 

Kilometres. 

Europe 283,525 

America 402,171 

Asia 60,301 

Africa 20,114 

Australia 24,014 

Total  .  .790,125 

Or  491,657  miles. 

*  Iron  and  Coal  Trades  Review,  vol.  Ixv.  p.  1113. 

t  Kcko  deg  Mines,  vol.  xxix.  pp.  820-821. 

X  Archiv  fiir  Eisenhahmcesen ;  IStahl  uiid  EiseUy  vol.  xxii.  pp.  778-783. 
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